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Peuenzenmo:

Y4eOHUK HalmucaH Ha OCHOBAaHUU «Y4eOHOro IIaHa OOILLIEro cpeaHero oopa3ona-
HUs 1o 610Ky Monyist TouHbx Hayk (VIII knacc)». B yueOHuKe maHbl TpeOOBaHUS,
KOTOpBIE TIPEIBABISIOTCSI YUEHUKAM BO BpeMs yuyeOHoro mpoliecca. [leaun u 3agaumn
00y4yeHHUs IIpeIMeTa MaTeMaTUKKU OTMEUYEHbI CO CTOPOHBI PecnyOnuKaHCcKOro HeHTpa
o011ero cperHero oopa3oBaHUsl. YUeOHUK OXBAaThIBAE€T 3JEMEHTBHI OMOPHBIX KOM-
METEHIINI, KOTOphIe OyIyT (OPpMUPOBATHCSA Y YICHUKOB.

B nipoiiecce nepepaboTku yueOHMKA ObUIM YUYTEHBI PEKOMEHIALUU IKCIIEPTOB U
PELIEH3EHTOB.

B KoHIIE KaXI0i I1aBbl JaHbl IPUMEPHbIEC 3alaHUS KOHTPOJBHBIX paboT 1 Tec-
TOB, KOTOPbIE TTOMOTYT YYEHUKaM TILATEJIbHO K HAM MOATOTOBUTHCS.

B pasnene ncropuueckue CBEAEHUS Bbl TO3HAKOMUTECH C HAYYHBIMU TPydaMu U
OrPOMHBIM BKJIAZIOM, KOTOPbI BHECIM HAILU YYEHbIE-3HIIMKIIONEAUCTbI B HAYKY.

B pasnmene «M3ydyaeM aHIVIMMCKUI $I3bIK» JaHbl BaxKHbIE I'€OMETpPHYECKUE
TIOHSATUS Ha aHIJIMMCKOM $I3bIKE€, KOTOPbIE BCTPEUAIOTCS B IJIaBe.

B TeyeHun yueOGHOro roma MOXETE I0JIb30BaTbCs MPpUMEPAMU, KOTOPBIE JaHbI
IS TIOBTOPEHMUSI.

Kenaem ycnexoe 6 uzyuenuu 3HaHuil, Komopuie océeleHvi 8 memax!
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".g A & ITOBTOPEHUE KYPCA
: 7-TO KJIACCA

B

1. IlepumeTp, MeamaHa, OHCCEKTpHCA
H BBICOTA TPEYroJbHHKA

Bonpocst, 3a0auu u 3adanus

1. Yto Takoe: 1) nepumetp; 2) MeauaHa; 3) Ouccekrpuca; 4) BbICOTa Tpe-
yrojbHMUKa?

2. TpeyroiapHUK, MEpUMETP KOTOPOro paBeH 18 cm, neaurcss OUCCEKTpH-
COIi Ha JIBa TPEYroJbHUKA, MEPUMETPHI KOTOPBIX paBHbI 12 cm u 15 cm.
Haiinute OuccekTpucy 3Toro TpeyroiabHuka (puc. 1).

3. TpeyrosbHUK NEJIUTCS MEAMaHOM, MPOBEICHHON K OCHOBAaHWIO Ha JBa
TpeyrojbHUKa, MepuMeTpbl KOTOpbiX 18 cm u 24 cm. Hailinute 60Jib-
1Iyl0 OOKOBYIO CTOPOHY, €CJIM MeHbllasi O0KOBasi CTOpOHA paBHa 6 cm
(puc. 2).

4. B tpeyronbHuke ABC AB= BC u menunana BD paBHa 6 cm. Haiimure
MepuMeTp JAHHOIO TPEYroJibHUKA, €CJIU MepUMeTp TpeyroibHuka ABD
paBeH 24 cm (puc. 3).

Jano: 6 AABC: AB= BC, BD=6 cm — meauana, P, =24 cm.
Haimu: P, ="?
Pewenue. 1) P,,, = AB+ BD + AD, orcrona:
24=AB+AD+6, AB+AD=24-6, AB+ AD=18 (cm).
2) AB= BCu AC =2AD, Torna
Py.=AB+ BC+ AC=2(AB + AD)=2-18=36 (cm).
Omeem: P .= 36 cm.

S. [IBe cTtopoHbl TpeyrosbHuKa paBHbl 0,5 dm u 8,7 dm. Haiinure TpeTbio
CTOPOHY, €CJIM €€ JUIMHA HaTypaJabHOE YUCJIO.

6. TpeyronbHUK, nepuMeTp KoTtoporo paBeH 30 cm, AEIUTCS OUCCEKTPHU-
COli Ha JBa TPEYrojbHMKA, IEPUMETPhl KOTOPBIX paBHBI 16 cm u
24 cm. Haiinure OMcCeKTpUCY 3TOro TPEyrojbHUKA.

1y B (2) B (3) B
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7. TpeyroibHUK, TIEPUMETP KOTOPOTO paBeH 36 cm, OEJIUTCS BBICOTOM Ha
JIBa TPEYrojibHUKa, MepuMeTpbl KOTOPbIX paBHbI 18 cm u 24 cm. Haii-
JIUTE BBICOTY 3TOTO TPEYroJbHUKA.

8. IlepumeTp paBHOOEAPEHHOIO TpeyrojibHUKA paBeH 22,5 cm, a OoKoBas
cTtopoHa paBHa 0,6 dm. Haiinute ocHOBaHME 3TOrO TPEYroJIbHUKA.

2. Ilpu3Haku paBeHCTBA TPEYroJbHUKOB, CymMMma

YIJIOB TPEYroJibHUKAa M CBOWCTBO BHEIIHErO
\ yrja TpeyroJibHHKa

9. PaBubl 1 TpeyronbHuku ABC u DEF, eciu AB= DE, AC= DF,
LA= 2 D?

10. OguH M3 BHEIIHUX YIJIOB TpeyrojbHUKa paBeH 117°, a He CMeXHbIe
C HMM BHYTPEHHME YIJIbl OTHOCSATCS Kak 5 :4. Hailnute 3T BHYTpeH-
HUE YIJIbI.

11. B paBHOCcTOpOHHEM TpeyrojibHUKe ABC ouccektpuchl AD u BE nepece-
karoTcss B Touke O. Haiinute yron AOE Mexny OuUCCEKTpucaMM Tpe-
yroibHuKa ABC.

12. MoryT 11 yrjibl IPpM OCHOBAaHUM PAaBHOOEAPEHHOIO TPEYroJibHUKa OBITh

TYIIbIMU?
Pewenue. Kak HaM U3BECTHO, B PaBHOOEAPEHHOM TPEYTOJbHUKE VYIJIbI
MpU OCHOBAaHMM paBHBI. Tak Kak CyMMma ABYX TYMbIX YIJIOB OOJbliie
180°. A 3TO OPOTUBOPEUUT TEOpeMe O CYMME YIJIOB TPEYroJbHUKA.
Omeem: He MOTYT.

13. OauH 13 BHEILIHUX YIJIOB TpeyrojbHMKa paBeH 108°, a He CMeXHbIe C
HUM BHYTPEHHHUE YIJIbI OTHOCITCS Kak 2 : 7. Haiinute BHyTpeHHUE YIJIbL.

14. /IBe CTOPOHBI 1 yIroJ OJHOTO TPEYrojJbHUKA paB-
HbI, COOTBETCTBEHHO, ABYM CTOPOHAM W YIJy
IPYyroro TpeyrojbHUKa. MOryT JuM 3TH Tpe- @
YTOJIbHUKUA OBbITh PaBHBIMU?

15. Jlokaxurte, yto TpeyroibHuku ABC u A,B,C,
paBHbI, eciu AB= A, B,, BC= B,C,, u mMeauaHbl E D
CDu C,D,, npoBeneHHbIe K cTopoHaM AB u A, B, = =
PaBHBI.

16. Ha pucyuke 4: AB= AC u AE= AD. Jokaxute, |pB C
yto BD = CF.

17. Ha pucynuke 5: AD= CF, AB=FE u CB= DE. @B
Jokaxure, yto £1 = Z2.

18. B TpeyronbHuke ABC yron B paBeH 42°,
a BHELIHWUI yros mpu BeplunHe A paBeH 100°.
Haiinute yron ACB.

19. B npsamoyroibHoM TpeyrojbHuke ABC yron
C — npsiMOii, a BHEIIHUI NpHU BeplurMHe A paBeH [
136°. Haiimure yron B.
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z& TJIABA I
.\.ﬁs*'" YETBIPEXYTOJbHUKU
S
§ 1 OCHOBHBIE YETBIPEXYI'OJIBHUKHA 1N

X CBOMCTBA

1. CBOVICTBA BHYTPEHHUX M BHEINIHUX
YIJIOB MHOT'OYI'OJbHUKA
1. Muoroyroasankn. PaccMoTpum durypy, Kotopass COCTOUT U3 OTpe3-
KoB A A,, AA;, ..., A,_ A, AA. OTpe3Ku pacloNOXeHbl TaK, YTO HUKAKUE

NBa coceonux ompe3ka (TO €CTb TaKUX, KOTOPble MMEIOT OOILIMI KOHell), He
JIEXAT HAa OAHOM MPSIMOW, a HECOCEAHUE OTPE3KM HE MMEIOT OOILIMX TOYEK

(puc. 1). Takyo (urypy HasblBalOT MHo2oy2oabrHuKkom. Touku A, A,, ..., A,
HAa3bIBAIOT GEPUIUHAMU MHO20Yy20abHUKa, a otpe3ku A A,, AA;, ..., A _ A,
A,A, — cmoponamu MHO20y204bHUKA.

Yucio cToOpoH MHOTOYTroJIbHMKA PaBHO YUCIY €r0 Bep- @ A
IIKH, T.€. YUCITY €ro yrjioB. MHOroyrojbHUK Ha3bIBaIOT IO
YUCIy €T0 YIJIOB. MpeyeoNbHUK, YemblpexyeoabHUK W T.1.

Ecnu 3aMKHyTas 1oMaHast He TepeceKaeTcsl cama Co0oi, 4 A
TO TaKas JIOMaHasi Ha3bIBACTCS HPOCMOU 3AMKHYMOU 10MAHOU. | '
Bcgkas nmpocTas 3aMKHyTasl JloMaHasi JeJIUT MIOCKOCTb Ha
JIBE YaCTU — GHYMPEHHIOI W GHEUHION, SBJISISICh UX OOllei
rpaHuueid. Ha puc. 1 BHyTpeHHS 4acTh 3aKpallleHa. 4,

~
Onpenenenue 1. Muocoyeonvhuk Hazvieaemcs GbINYKAbIM, e€CAU OH
AedcUum no 00Hy CMOPOHY om AH00U NPAMOL, KOTOpasi COIEPKUT €ro CTo-

POHY.
Cama sma npamas npuHaoiexncum NOAYNAOCKOCMU, coldepicaujell

MHO2C0V20/1bHUK .
\ 24 Y,

(2) < D, (3) B C
B

B\ (D




Ha puc. 2, a u 3 uzobpaxeHbl BbIMTYKJIble MHOTOYTOJIBHUKHU, a pUC. 2, 6
HEeBBINYKJbIIA. TpeyroJbHUK SBIASIETCS BBITYKJIBIM MHOT'OYTOJbHUKOM

(puc. 3).
2. CpoiicTBa BHYTPEHHMX H BHEIIHHX YIJIOB MHOTOYIOJIbHHKA.

Onpenenenne 2. Buympennum yeaom MHO20y204bHUKA npu OQHHOU

eéepwune Hazvleaemcs yeoan, 00pPA308AHHbII  COCEOHUMU — CMOPOHAMU,
UCXO00AWUMU U3 IMOU BEPULUHDI.
Teopema 1.
CyMMa BHYTPEHHMX YIJIOB BBINYKJIOIO n- YrOJbHMKA paBHA

180°(n —2), rne n — YUCJIO CTOPOH MHOTOYTOJIbHHKA.

Hokazamenvscmeo. Ilycts A A,A,...A, — NaHHBIA BBITYKIIBIA 7-YyIOJbHUK
u n>3 (puc. 4). I3 HEKOTOPO¥ BEPLUMHBI, HAIIPUMEDP U3 A, IPOBEIEM BCe
€ro JIMaroHajgu, KOTopble pa3oObIOT ero Ha (n — 2) TpeyroJibHUKA.

@} A, A, JlecTBUTENBHO, MPU 3TOM KaXIbld Tpe-

AAA, _A), KoTopple 00Opa3oBaHbl ABYMS CTO-

/ yTOJIbHUK OOpa3oBaH OJHOW CTOPOHON MHOIO-
Al \

yroJibHUKa U JABYMSI IMAroHajssMM, 3a MCKJIIOYe-
HUEM 06yx kpaunux mpeyzonvHuxkoé (AAAA, n
A A

n—1

poHaMM MHOI'OYIroJbHHMKa H OJHOM Juaro-
HaJIblO.

I[TosTOoMy 4uCIO TpeyroJlbHUKOB OyneT (n—2), T.e. Ha ABa MEHbIIIE
Yyucjia CTOPOH MHOroyrojbHuUka. CyMMma yYIJIOB MHOTOYroJibHMKAa paBHA
CYMME YIJIOB BCEX COCTABJIAIOILIMX €0 TPEYroJabHUKOB: S = 180°(n —2), uto

" Tp. A.

Onpenenenne 3. Yroa, CMeXHBIH ¢ BHYTPEHHUM YIJIOM MHOTO-
VTOJbHUKA TIpU JAaHHOUW BepIlIWHE, HA3bIBAIOT GHEUWHUM Y2A0M MHO20-
Y20AbHUKA NpU OAHHOU GepuilHe.

Teopema 2.

CyMMa BHEIIHMX YTJIOB BBINYKJIOTO 7-YrOJbHHKA, B3STBIX IO OJXHOMY
Npu Kax10il BepmuHe, pasHa 360°.

5)
B

Hoxazamenvcmeo. IlocTpouM IIpU Kaxmoi
BEpILIMHE AM-yTOJbHUKA IO OJHOMY BHELIHEMY
yray (puc. 5). CymMma Kaxaoro yrjia MHOIO-
YTOJIbHUKA U cMexXHoro ¢ HuM paBHa 180°. Ilo-

L A
D | 2TOMy cyMMa BCeX BHYTPEHHMX M BHELIHMX
/X VIJIOB, B3SITHIX 110 OMHOMY TIpU KaXKJ0il Bepllu-
AY E He, paBHa 180°#. YTOOBI TIOJYYUTH CYMMY

BHEIIHUX YIJIOB BBIUTEM M3 3TON CYMMBI CyM-
My BHYTPEHHHUX YIJIOB:

180°n — 180°(n —2) = 180°n — 180°n + 360° = 360°, yro u Tp. A.

6



3anaya 1. Yemy paBHbl BHYTpEHHME yIJbl (0,) PaBHOCTOPOHHETO
(MpaBUJIBHOIO) M- yroJbHUKA?

Pewenue. 1lo noxkazaHHO Teopeme |, cymMma yrjoB NpPOU3BOJBbHOTO
BBIMYKJIOTO #- yrojbHUKa paBHa 180°(n—2). Tak Kak B MpaBUIbHOM
180°(n-2)
—

3anaua 2. Yemy paBeH KaxXIblii BHEIIHUNA yroua (f3,) paBHOCTOPOHHETO
(MpaBUJIBHOTO) M- yroJbHUKA?

Pewenue. Tlo nokazaHHOi Teopeme 2, CyMMa BHEIIHHUX YIJIOB BbIMYK-
JIOTO - YTOJIbHUKA, B3STHIX 110 OMHOMY MPM KaxXI0il BeplnHe, paBHa 360°.

TakuM 00pa3oM, KaXIblii BHEIIHWM Yroj IMpaBUJIbHOIO 7- yrOJbHMKA
360°

—.

n-yTOJILHUKE BCE YIJIbl PaBHbI, TO KaXblii U3 HUX PaBeH: o, =

paBeH: B, =

Bonpocst, 3a0auu u 3adanus

1. 1) Yrto Takoe: a) BHYTPEHHMII Yroyl BBIIIYKJIOrO MHOIOYTrOJbHUKA IPU

¢ JaHHOi BepUIMHE; 0) BHELIHUI YroJl BHIIYKJIOTO MHOTOYrOJbHUKA?

* 2) UYemy paBHa cymMMa BHYTPEHHUX YIJIOB BBIMYKJOIO A-YrojbHUKA?

2. HaiinuTe KOJIMYECTBO CTOPOH BBIMYKJIOIO MHOTOYIOJIbHUKA, CymMMa
yrioB kotoporo paHa: 1) 1080°; 2) 1620°; 3) 3960°.

3. Haiinute cyMMy BHYTPEHHUX YIJIOB BBINYKJIOTO: 1) YeThIpeXyrojbHMKA;
2) IBeHaallaTUYToJbHUKA; 3) TPUIALIATUYTOJIbHUKA; 4) MNATUACCATU-
YTOJIbHMKA.

O6pazeu. 1) §,=180"- (13 —2)=180°- 11 =1980°.

4. HaiinnuTe HaMMEHBLIMI Yrojl YeTbIpeXyroJibHMKa, €CIU CyMMa ero yr-
JIOB, B34TBHIX IO TPU, COOTBETCTBEHHO paBHa 240°, 260° mu 280°.

5. Haiiaute KOJIMYECTBO CTOPOH BBIIMYKJIONO MHOTOYIOJIbHMKA, KaKIbIi
yros kotoporo pasen: 1) 150°;  2) 170% 3) 171°.

6. YeMy paBHO 4HMCJIO CTOPOH BBIIIYKJIOTO MHOIOYTOJbHMKA, €CIM CyMMa
BCEX €ro BHYTPEHHHUX YIJIOB B TpM pa3a OOJbIle CyMMBl €ro BHEIIHMX
YIJIOB, B3ATHIX IO OJHOMY IIPU KaXKI0i M3 €ro BepILIUH?

Pewenue. Tlo ycnoBuio 3amaun: 180°(n—2) =...- 360°. Otciona
180°(n-2)=...-2-180°, n-2=6, n=....
Omeem: n= ...

7. CKOJIBKO CTOPOH y BBIIYKJIIOTO MHOTOYTOJIbHUKA, €CJIM KaxXIblii ero
BHEILIHMI yroa paBeH: 1) 18°; 2) 24°; 3) 60°?

8. Eciu Tpu yrna 4eThIpeXyrojbHMKA SIBJISIFOTCSI TYIBIMHM, TO YE€TBEPThIi
yIroJl — oCcTpblid. Jlokaxure.

9. Haiinure KOJMYECTBO CTOPOH BBIMYKJIOTO MHOIOYIOJbHMKA, €CJIM KaK-
JIbIii ero BHEWIHU# yroa paBeH: 1) 157 2) 45°%; 3) 72°?

10. Haiinute yriabl BBIMYKJIOTO UYETHIPEXYTOJbHMKA, €CJIM OHU IPOIOPLIMO-
HaJIbHBI yucaaM 1, 2, 3 u 4.
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1. IMapannenorpaMM. PaccMOTpMM Ha IUIOCKOCTM JBE€ IapayljiejbHbIe
IpsIMbIE, II€PECEKAIOLIMECS OBYMs APYITMMU IapauIeJIbHBIMU IIPSAMBIMUA

(puc. 1). B pe3yabpTaTe Takoro repecedyeHusi o0pa3yeTcsl YeThIpeXyroJbHUK,
KOTOPBIN UMEET cneyuarbHoe Ha3BAHUE — NAPALLeN0ePaAMM.

( 2. IAPAJUIEJIOTPAMM UM ET'O CBOHMCTBA

Onpenenenne. Ilapassesocpammom Hasbi- @ B C
gaemcsa Hemblpexy20abHuK, TIPOTUBOJIEXALINE
CTOPOHBI KOTOPOI'0 MOMAapHO IapauleIbHEI.

Eciu ABCD napasnenorpamm, 10 AB|| DC u
AD | BC (puc. 1).

3amaua 1. Ha puc. 2 AABC= ACDA. lo-
KaXUTe, YTO YETHIpeXyroilbHUK ABCD — mapa- A D
JIEJIOTPaMM.

Pewenue. 13 paBeHctBa tpeyroibHukoB ABC u CDA cnenyetr paBeHCT-
BOo yrioB: Z1=/3 u Z2=/4. Yrael 1 1 3 SBASIOTCS BHYTPEHHUMU
HaKpecT JiexXalluMU TpU MapauiebHbIX NpsiMbiXx AB u CD u cexyuieit AC.
AHaJIOTMYHO, YIJIbl 2 U 4 SIBJISIIOTCS BHYTPEHHUMU HAKPECT JeXallMMU MpuU
napasuieabHbIX IpsiMbix BC u AD u cexyiueit AC. I1o npu3Haky napajuiesib-
HocTh TpsiMbIXx umeeM: AB|| DC u BC| AD. CrenoBaTelbHO, B YEThIpEX-
yrojbHuke ABCD mnpoTuBoJiexXalllde CTOPOHBI IIOMAapHO MapaliesbHBI,
T.e. ABCD — napauieiorpaMm 110 OIpeIeeHUIO.

Boicomoti napannenoepamma Ha3piBaeTCsl MEPHEHAUKYISAP, MPOBEACHHBIM
M3 TOYKU OTHOM CTOPOHBI K MPSIMOi, KOTOpas COAEPKUT MPOTUBOJICKAIILYIO
ctopoHy. OYeBHIHO, YTO K OJHOM CTOPOHE MapalljieiorpaMMa MOXHO IpO-
BeCTH OECKOHEUHO MHOTO BBHICOT (puc. 3) — BCe OHM OyIyT paBHBI KaK pac-
CTOSIHME MEXIy TapasuleJIbHbIMU MPSIMBIMM, a M3 OIHOI BEpIIMHBI Mapa-
JieJiorpaMMa MOXKHO TTPOBECTH JIBE BBICOTHI K pa3HbIM CTOpPOHAM M B 0O0IlEeM
clyyae OHM MMeEIOT pasHylo niuHy. Hanpumep, Ha puc. 4 BP u BF — BbICOTHL.

2. CpoiicTBa mapajuiejiorpamMma.

Teopema 1.

(CBoiicTBo 1.) Cymma yrioB mnapajjejorpamMMa, NpHJeXamMx K
OIHO# cTopoHe, paBHa 180°.

C B C
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Jlokazamenvbcmeo. YTiibl, TpUJIeXalllie K CTOPOHE Iapajuiejiorpamma,
SIBJISIIOTCSI. BHYTPEHHUMM OJHOCTOPOHHMMM yriamu. [lostomy ux cymma
paBHa 180°. Teopema moka3aHa.

Teopema 2.

(CBoiicTBO 2.) B mapamienorpaMmme NPOTHBOINOJOXKHbIE CTOPOHBI
H NPOTHBOMNOJIOKHbIE YIJIbI PABHBI MEXKIY COOOId.

Jokazamenscmeo. Tlycte ABCD — mapamnenorpamm, T.e. AB|| CD wu
BC|| AD. Tlposenem B mapayienorpamme ABCD nuaronans AC (cMm. puc. 2)
u paccMoTpuM TpeyroibHuku ABC u CDA. Y Hux ctopoHa AC — oOias,
/1 = /3 KaK BHYTPEHHME HaAKpECT JexXallllie MpU MNapauleJbHbIX MPSIMbIX
ABwu CD u cexyueit AC, /2 = /4 Kak BHYTPEHHME HAKPECT JiexKallue Mpu
napauieabHbiX MNpsMbix AD um BC u cekyweir AC. CrienoBaTesbHO,
NAABC= ACDA 1o BTOpOMYy IIpM3HAKy paBEHCTBA TPEYroJbHUKOB. OT-
cioga, B 4YacTtHoctu, ciuenyer, uyto AB= CD, AD=BC u «B= ZD.
A nockonbky £1 + £4= 22+ /3, 10 LBAD= Z/BCD, 1.¢. LZA= £C).

3amaua 2. CymMa AByX YIJIOB mapajuiejorpamMmma paBHa 172°. Haiigure
yIJIbl MapajiiesiorpaMma.

Pewenue. Tlycts pan nmapanneinorpamm ABCD. I1ockosibKy cyMMma JIBYX
COCEeIHMX YIJOB mapajiesorpaMma paBHa 180°, To maHHbIE YIJIBI MOTYT
ObITb TOJBKO mpoTuBojexaiumu. Ilycte £ZA+ £ZC=172°. Torma 1o
BTOPOMY CBOICTBY napajienorpamma, ZA=2C=172°:2=86".

CymMmMa Bcex yrjioB mapajuiesiorpamMma paBHa 360°, TO3TOMY OCTaJIbHBIE
JIBa yrja mapasuiejiorpaMMa paBHBbI:

/B=/D=(360"—172°):2=94"

Omeem: 86°, 94°, 86°, 94°.

Teopema 3.

(CBoiicTBo 3.) Jlnaronaid mnapajjejorpaMmMa mnepecekalTcs H
TOYKO#i MepecedyeHus AeJaTcs MomoJjiam.

Lokazamenvcmeo. Ilyctb O — Touka mnepecedyeHust auaroHanein AC u
BD napamnenorpamma ABCD (puc. 5).

JokaxeM, yuto AO= 0OCu DO = OB.

TpeyronbHuku AOD u COB paBHBI 110 BTOPOMY IPU3HAKy paBeHCTBa
TpeyroJbHUKOB (AD= BC 1o BTOpPOMY CBOWCTBY MNapajuieJiorpaMmma,
1= /2 n £3 = Z4 KaKk HakpecT Jiexallue
yIAbl TMpPU  TEpecedyeHur MapajiebHbIX @ B ¢
npsimbix AD u BC cexkymuumu AC u BD
cooTBeTCTBEHHO). OTcioga cieayer, 4TO
AO=CO n DO= OB, T.e. Touka O 4gB-
JISIETCS CEPEIVHON KaXIOl M3 auaroHasei
ACwu BD.

TeopeMa JOKa3aHa.
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3anaya 3. Mcnosb3yst CBOMCTBO 3 MOCTPOITE MapasuiejorpaMM.

Illae 1. TIpoBeneM aBe mepecekamolidecs: MpsiMble 1 0003HAYMM TOUKY
uXx nepeceyeHus: OykBoit O (puc. 6, a).

Illae 2. Ha ogHOI U3 NpSIMBIX OTJIOXUM LIMPKYJIEM paBHble OTpe3ku OA
u OC, a Ha apyroii — paBHble oTpe3ku OB u OD (puc. 6, 6).

Illge 3. CoenyHuM TI0caenoBaTeabHO Touku A, B, C u D (puc. 6, e).
Yer1oipexyronbHUK ABCD — mapaiieaorpamm.

Bonpocst, 3a0auu u 3adanus

1. 1) Yro Takoe napayienorpamMmm? Yemy paBHa cymMma YIJIOB IMapayjieio-

& 'PaMMa, IIPUIIEXALINX K OHOM cTOpoHe?

* 2) Uro MOXHO cKa3aTb O JMaroHaJsix Iapaieaorpamma?

2. Ilepumerp mnapasuienorpamMma paBeH 152 cm. Haiinure cropoHbl ma-
pajuiesiorpaMmMa, €cjii OflHa U3 HUX:

1) Ha 25 cm GoJibllie APYroif; 2) B TpY pa3a MEHbILIE APYTroi.

3. Haiinute yribl napauieaorpamMma, €cjii CyMma JBYX YIJIOB paBHa:
1) 70°% 2) 110°%; 3) 170°.

4. B napamnenorpamme ABCD: AB=7 cm, BC=11 cm, AC=14 cm,
BD=12 cm; O — Touka mepecedyeHusl auaroHajeil. Haiinure nepu-
MeTpbl TpeyroibHUuKoB ABO u BOC.

5. B nmapaienorpamMmMme cyMMa CMEXHBIX CTOPOH paBHa 20 cm, a pa3HOCTb
paBHa 12 cm. Haiinute CTOpOHBI 3TOro Iapajjejorpamma.

6. IlepumeTrp mapajutesorpamMmma paBeH 6,4 cm. HaiimuTe ero CTOpoOHBI,
€CJIM JIB€ €r0 CTOPOHBI OTHOCSITCS Kak 35 : 3.

7. Ha puc. 7 0603HauYeHbl BEJIMUYMHBI HEKOTOPBIX 3JeMEHTOB. Kakue euie
BEJIMYMHBI MOKHO HAMTH?

@ B

C




@ 3. IPUSHAKHA TTAPAJUIEJIOTPAMMA ll

s Toro 4ToObl MCMOJIB30BaTh CBOMCTBA MapajiiejaorpaMma, BO MHOTHX
Cayyasix HeoOXOAMMO CHayaja yOemUThbCs, YTO JAHHBIA YEThIPEXYrOJbHUK
NEUCTBUTEILHO SBJSIETCS TapajlieJIorpaMMOM. DTO MOXHO ONpPeAeUThb
100 1o omnpeneaeHuto (cM. 3agady 1, crp. 8), 11bo 1o nmpu3Hakam — ycJo-
BUSIM, TapaHTUPYIOLIMM, YTO JAaHHbBI YETHIPEXYyrOJbHUK — Mapasuielio-
rpamM. JlokaxeM Npu3HaAKM IapajiejorpaMmMa, KOTOpbIe Yallle BCEero Ipu-
MEHSIIOTCSl Ha MpPaKTUKeE.

Teopema 1.

(1-i mpu3nak.) Ecim JaBe mpoTHBOJIEKAIIHE CTOPOHBI YEThIpEX-
YrOJbHAKA NApa/ljie/ibHbl H PaBHbI, TO 3TOT YETHIPEXYTOJbHHK — Mapai-
JieJiorpamMm.

Jokazamenascmeo. Tlyctb B uerbipexyronbuuke ABCD (puc. 1) AB| CD
u AB= CD. Ilpoeaem nuaroHanb BD 1 pacCMOTPUM TpeyroibHuku ABD u
CDB. OHu umeror o6y cropoHy BD, AB= CD no ycnoBuw, /1 = /2
KaK BHYTPEHHHUE HAKpecCT Jiexalllue Mpu IapajulebHbIX NpsMbix AB u CD
u cekyueir BD. CnenoBarenbHo, AABD= ACDB no nepBoMy MNpU3HAKY
paBeHCTBa TpeyroJbHUKOB. M3 paBeHCTBa
3TUX TPEYTOJbHUKOB CIIEAYeT PaBEHCTBO @ B ¢
yrioB 3 u 4. Ho 3T yriael SIBASIIOTCS 7 4
BHYTPEHHMMHU HAKpPECT JIeXKAIUMU TPU
npsimbix AD u BC u cekyuweir BD. Tor- 7 7
Ja 10 TMPU3HAKY MapaylieIbHBIX MPSIMBIX

AD| BC. Takum o006pa3oM, B 4YeThIpEX- 3

yroibHuKe ABCD TpOTHBOJIEXAIINE CTO- | 4 D

POHBI TIONMAPHO MapajiebHbl, OTKYy/Ia

CIIEIyeT, YTO YETHIPEXYroJdbHUK ABCD — @ B , E C

napajuiejgorpamMm mo onpeacjaicHMuIO.

Teopema mokaszaHa.

3amaua 1. Ha cropoHax mapasieno-
rpamma ABCD OT10XUM paBHbIE OTPE3KHU
BE= DF (puc. 2). fIBnsgeTcss U 4YeTbl-
pexyroibHUK BEDF napanienorpaMmMmom? 4 F D

Pewenue. ]Jla, Tak Kak HOPOTUBOIO-
JIOXHBIE CTOPOHBI YeThIpexyroibHuka BEDF paBHbl W HOapajicabHBI.
I[losToMy no mepBOoMy IIpM3HaKy MapajuieJorpaMMa, 4YeThbIPeXyroJbHUK
BEDF — napannenorpamM. Omeem: a, SIBISIETCSI.

Teopema 2.

(2-i npusnak.) Eciu nmporuBonexanime CTOPOHbI YeThIPEeXyroJb-
HHKA MONMAPHO PaBHbI, TO 3TOT YETHIPEXYTOJbHUK — MapPaJIIe0rpaMM.
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7

Joxazamenavcmeo. IlycTh B 4eTBIPEXYTOJib-
Huke ABCD AB=CD u BC= DA (puc.?3).
ITposenem nuaroHanb AC U pacCMOTPUM Tpe-
yronbHUKU ABC u CDA. Torna oHU paBHBI IO
TPETheMYy IIPU3HAKY PaBEHCTBA TPEYroOJbHUKOB
(ctopona AC — obmasi, a AB= CDu BC= DA —
no ycioBuio). M3 paBeHCTBa TPEYroJbHUKOB
caenyer paBeHCTBO yriioB CAB u ACD, KoTopbie
SIBJISIIOTCSL BHYTPEHHUMM HaKpecT JieXKallluMK
npu npsmbix AD u BC u cekyuein AC. Ilo
MPU3HAKYy MapaieabHocTu MpsiMbix AD || BC.
CrnegoBaTeibHO, B 4YeThIpexyrojbHuke ABCD
cropoHbl AD u BC mapauielibHbl U paBHBI, U IO
TOJIKO YTO JOKa3aHHOMY IpU3HaKy 1 yeThIpex-

a4 D

yroiabHUK ABCD — mapaienorpamm.

Teopema mokaszana.

3amaua 2. IlocrtpoiiTe npsiMylo, MPOXOMSIIYI0O Uepe3 NaHHYI TOYKY U
MapauIeJIbHYIO TaHHOM ITPSIMOMA.

Pewenue. Tlyctb a — nipsimasi, B — He nmpuHamiexamass el Touka. Ot-
METUM Kakue-HUOyab Touku A u D Ha nipsimoit a (puc. 4). C ueHtpamu B u
D mpoBeneM okpyxHocTU ¢ paguycaMu AD u AB coorBercTBeHHO. MXx
Touky nepeceueHusi ooo3zHauuMm C. IIposenem mnpsimyio BC. OHa u Oyder
HUCKOMOM. [leficTBUTEIbHO, B YeTbipexyroibHuke ABCD paBHbI MPOTUBOIMO-
JIoXHbIe cTOpoHbl. ClienoBaTebHO, OH SIBJSIETCS IapajlieJJoTpaMMOM, M,
sHauut, BC| AD.

Teopema 3.

(3-ii mpu3Hak.) Ecim auaroHaid 4YeTbIpexyroJbHHKA TOYKOM
nepecevyeHuss NEJATCA MON0JIAM, TO 3TOT YEThIPEXYrOJbHHUK — mNapajuie-
JiorpamMm.

Hoxazamenvcmeo. IlycTb B UYETBIPEXYrojb-
Huke ABCD nuaronanu AC u BD nepecekawoTcst
B Touke O U BBINONHSIOTCS paBeHcTBa A0 = OC
1 u BO= OD (puc. 5). PaccMOoTpuM TpeyrojbHu-
ku AOB u COD. Dtu TpeyrojbHUKU PaBHLI 1O
3 MepBOMY TPU3HAKY PABEHCTBA TPEYrOJbHUKOB:
1= /2 (xak BepTukaibHbeie), AO= OC u
/' BO= 0D (no ycnosuw). CienoBaTeJbHO, paB-
Hbl M COOTBETCTBYIOIIME CTOPOHBI M YIJIbI 3TUX TPEYrojbHUKOB: AB= CD,
£3 = /4. VI3 paBeHcTBa yriaoB 3 u 4 BeITeKaeT, uto AB| CD (1o mpusHaky
napasjieJabHbIX OpsMbIX). Takum oOpa3zom, cTopoHbl AB u CD uerbipex-
yroibHuKa ABCD paBHbI M TapajliebHbl, 3HAYUT, MO MEPBOMY IMPU3HAKY
napajuiejjorpaMmmMa 4eTblpexyrojibHuk ABCD — mnapasienorpamMm. Teopema
JlOKa3aHa.
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Bonpocst, 3a0auu u 3adanus

1. 1) Ecnu aBe npoTuBosiexallue CTOPOHbI YeThIPEXyTOJIbHUKA TapaJlieib-
Hbl U PaBHbI, TO OTOT YEThIPEXYrOJbHUK — MapajuiesorpamMm. CMoxere
JIA 3TO JI0Ka3aThb?

2) lokaxure, 2- 1 U 3- il IpU3HAKMU TapajieJorpaMmma.

2. aHbl 1Ba paBHBIX 1 MapasuleJbHbIX OTpe3ka. X KOHIIbI COeIMHEHbI He
rnepecekalomMMucs oTpe3kamMu. BepHO JiM, 4TO MOJMyYMBILMIACS Y€Thl-
PEXyTOoJbHUK SIBJISIETCSl TapaljielorpaMMoM?

3. B uerbipexyronbHuke ABCD ctopoHbl AB u CD napaienabHbl. Haitnm-
T€ MEPUMETP YeTbIpexyrojbHuka, eciu AB= CD=11 cm, AD=15 cm.

4. SIBnsiercss 1M 4eThIpeXyrodbHUK ABCD Ha puc. 6 mapajuielorpaMMOM,
ecm: 1) 21 =70°, £23=110°, £22=/4;2) £/1 =22=060°, Z3=/115%?
Pewenue. 1) B uernipexyronbHuke ABCD nBe ctopoHnl AB u CD
napajuieibHbl, Tak Kak Z1 + £3=70°+ 110°=180°, a 3Tu yrinl —
OMHOCTOPOHHME MpU IepeceyeHUu npssMbix AB u DC cekymeit AD.
IMockoneky AB| DC, to £1 = Z4 (KaK COOTBETCTBEHHBbIE YIJbI). JIBeE
npyrue ctopoHbl AD u BC yetbipexyronbHuka ABCD He mapaliiejbHbI,
TaK KakK HakpecT Jiexaiiue yriabl 1 u 2 He paBHbl (L1 = £4 # £2).
CrnenoBaTeibHO, YeTbIpeXyrolbHUK ABCD He sBisercs mnapasiesno-
rpaMMOM.

Omeem: 4eTbipexyroJbHUK ABCD He sBIseTCsl MapajieJorpaMMOM.
2) AHQJIOTMYHO pelIaeTcs KakK B MPEIbIAYIIEM.

5. Nuaronanu mnapamnenorpamma ABCD mnepecekaiorcss B Touke O (CM.
puc. 5, crp. 9). 1) Kakoit oTpe3ok sBjsieTcss MeAMaHON TpeyrojibHMKa
ACD? 2) B kakoMm TpeyrojibHMKe MeAuaHOu siBJsieTcsl oTpe3oK AO?

6. B napamienorpamme ABCD touku Eu F — cepeaunbl ctopoH ABu CD
COOTBETCTBEHHO (puc. 7). JoKaxuTe, YTO YeThbIpeXyroJbHUK EBFD —
rnapajuiesiorpaMm.

7. B uyetbipexyronbHuke ABCD ctopoHbl AB u CD napasienbHbl. Haii-
JIUTE TIEPUMETP YeThIpeXyrojabHuka, eciu AB= CD=9 cm, AD =4 cm.

8. B uernipexyronbuuke ABCD: AB= CD, AD = BC. Haiinute yribl 4eTbl-
pexyroyibHUKa, eciu LA = 34B.

9. B napajuienorpaMme OuCCEKTpuca yrja JIeJUT IPOTUBOIOJOXHYIO
CTOPOHY Ha OTpe3KH, paBHble 4 cm 1 5 cm. Haiinute nepumerp napai-
JIeJlorpaMMma.

@;/ LC@B CB/QC




v T
1\ 4. IPAMOYTOJIbHUK U ETO CBOUCTBA >
e

Onpenenenne. IlpamoyzoavHukom Hazvieaemcs napaiieioepamm, y Ko-
\_MOpo20 6ce y2abl npsmble.

= Ha puc. 1 uzoOpaxeH MpsIMOYTrOJbHUK
@ B C| ABCD. Tak xak MPSMOYTOJbHUK  SIBJISIETCS
YaCTHBIM CJIy4yaeM IapajuiejiorpamMma, TO OH

LA=LB=,C= 006J1a1aeT BCEMM CBOMCTBAMMU Mapasuieorpam-

b =2D=90 Ma: MPOTUBOJIEXALINE CTOPOHBI IPAMOYIOJIb-
P=2(a+b) HUKa TapajuleJibHbl U PaBHBI, MPOTUBOJIEXA-
1IMe YIJIBI PABHBI, AUATOHAIM TOYKOM Iepece-
A a D | 4yenua penarca mnonosam U T.a. OIHAaKo,
NPSMOYTOJIbHUK MMEET HEKOTOPHIE OCOObIE
cBoiicTBa. JIOKaxKeM OJIHO UX HMX.
Teopema.

(CBoiicTBO MpAMOYroJibHHKA.) J/IMaroHa M nmpsMOYroJIbHHKA PaBHbI.

@ B c Zokxazameavcmeo. 1lycTh naH OPSIMOYTOJIb-
HUK ABCD c¢ punaronamsmu AC u BD. Hoka-
xeM, uto AC= BD (puc. 2). TpeyrolbHUKU
ACD n DBA tipsiMOyTOJIbHbIE M PaBHbI 10 JBYM
kareram (AD — obwiasi, CD = BA Kak NnpoTUBO-
JIexalle CTOPOHbI MpsAMOyrojbHUKa). OTciona
CJeyeT PaBEHCTBO T'MIIOTEHY3 BTUX TPEYroJib-
HUKOB, T. €. AC= BD. NUMeeT MecTo 1 oOpaTHOE
yTBepXIeHue (MpU3HAK MPSIMOYTOJbHUKA).

A D

OOpaTHasa TeopeMa.

Ecin mmaronamm napajuiejijorpaMmMa paBHbl, TO 3TOT NapaJjliejiorpaMm
NPAMOYTOJIbHHK.

Lokazamenvcmeo. Ilycts B mapamnenorpamme ABCD puaroHanun AC u
BD paBHbl (puc. 2). TpeyronbHuku ABD i DCA paBHBI 110 TpEM CTOPOHAM
(AB=DC, BD= CA, AD — ob6mas crtopoHa). Otclooga cJeayeT, 4TO
/A = #D. Tak Kak B NnapajuieJiorpaMmme IpOTHBOIOJO0XHbBIE YIJIbl paBHbBI, TO
LA=/2Cwu £B= /D. Takum obpazoM, LA= £B= £C= £D. Ilapamneno-
rpaMM — BBINMYKJIbI YETBIPEXYTONIbHUK, TTO3TOMYy LA+ ZB+ £C+ 2D = 360°.
CnenoBarenbHo, /A= /B=/C=/D=90°, 1.e. nmapamnesorpamm ABCD
SIBJISICTCSI MPSIMOYTOJIbHMKOM. Teopema moka3aHa.

3anaua 1. Ilepumetp npsimoyronbHuka ABCD paBeH 24 ¢cm, a ero aua-
roHanb BD paBHa 9 cm. Haiinute nepumMerp TpeyroyibHuKa ABD.

Pewenue. AB+ AD= P.,:2=24:2=12 (cm) — cyMMa CMEXHBIX CTO-
poH (cM. puc. 2). P,,,=AB+ AD+ BD=12+9 =21 (cm).

Omeem: P, =21 cm.
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3anaua 2. Haiinute nmepumeTp mpsiMo- @ B
yronbHuKa ABCD, eciu OuccekTpuca 2
yria B nepecekaeT CTOpoHY AD B TOuke ]
P v pgenut ee Ha orpesku AP=17cm u
PD =21 cm (puc. 3).

Pewenue. 1) Tak kak ABCD — 3
psAMOYTroibHUK, T0 AD| BC u mosrtomy A P D
/2= /3 (KaKk HakpecT Jexallue YIJIbl).
Ho £2= /1 no ycnoButo, cienosareibHo, /1= /3 u AABP — paBHO-
OellpeHHBbI TPEYrojJbHUK ¢ ocHOBaHMeM BP. 3Hauut, AB= AP= 17 cm.

2) AD= AP+ PD=17 + 21 = 38 (cm);

Pocp=2AB+AD)=2-(17+38)=2-55=110 (cm).

Omeem: P, = 110 cm.

3anaya 3. JlokaxuTe, 4TO €CJIM Yy IapajjieJorpaMMa BCe YIJIbl PaBHBI,
TO OH SIBJISIETCSI MPSIMOYTOJIbHUKOM.

Pewenue. Yribpl mapasienorpamma, Ipuiexallue K OIHONH CTOpPOHE,
SIBJISIIOTCS. BHYTPEHHUMM OJHOCTOPOHHMMM, MO3TOMY HX CyMMa paBHa
180°. Tak Kak MO YCJIOBMIO 3aJauyd 3TU YIJIbl paBHbI, TO KaXIbliA M3 HUX
NpsIMOil. A mapajuiesiorpaMM, Y KOTOPOro BC€ YIVIbl MpPsIMbIE, €CTh MPSIMO-
YTOJIbHUK.

Bonpocst, 3a0auu u 3adanus

1. 1) Kakoii mapanienorpaMm Ha3blBaeTCs MPSIMOYTOJbHUKOM?

? 2) CohopmynupyiiTe 0ocodoe CBONCTBO MPSIMOYTOJbHUKA.

2. B npsmoyronbHuke ABCD: AB=9 cm, BC=7 cm. Haiinure:

1) paccrosinue oT TOouku C OO0 CTOPOHBI AD;
2) paccrosiHue Mexay npsimbiMu AB u CD.

3. Ilepumerp mnpsiMoyroibHuka paBeH 24 cm. Haiinute cymmy pac-
CTOSIHUI OT MPOM3BOJILHOM BHYTpEHHEN TOYKM IIPSIMOYTOJIBHUKA MO
€ro CTOPOH.

4. Tlepumerp mnpsimoyrojbHuka ABCD @ B P C
paBeH 24 cm. Touka P — cepeauHa

cropoHsl BC, a ZAPD=90° (puc. 4).
Haiinute cTOpoOHBI MPSIMOYTOJbHUKA.

5. JlokaxuTe, 4TO €CJIM Y YEThIPEXYroJib-
HUKa JVaroHaJM paBHBl U JENSITCS
TOYKOI TepeceyeHus IoIojaM, TO 3TOT % D
YEThIPEXYTOJbHUK — IMPSIMOYTOJIbHUK.

6. CropoHnl mapaiesorpamMma paBHbl 4 cm u 7 cm. Moryr Ju ero
JuaroHanau paBHAThbCS: 1) 12 cmu S cm; 2) 10 cm u 3 cm?

7. Haiinute cTOpOHBI NMPSIMOYTOJIbHUKA, MIEPUMETP KOTOPOTO paBeH 42 cm,
a OJTHa CTOPOHA B JiBa pas3a OOJIbILIE IPYTO.
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(( 5—6. CBOMICTBA POMBA M KBAJIPATA

1. Pom0 u ero csoiicTBa.

D)

[ Onpenenenne. Pombom Hasvieaemcs napainesoepamm, y Komopoeo eceﬁ
c

mopoHwl pasvl (puc. 1).

Tak kak poM0 SBISIETCS IapasuleJloTpaMMOM, TO OH OO0JIagaeT BCEMU
CBOMCTBaAMM Tapajuiesorpamma. PaccmMorpum ocoboe CBOMCTBO poMoOa.

Teopema.

I[uarona.nn p0M6a B3AUMHO NEPHCHAMKYJIAPHBI U JCJAT €ro yrjbl mo-
noJjiaM, T.€. ABJIAIOTCA GHCCCKTpﬂcaMH €ro yriioB.

Jlokazameavcmeo. Ilyctb auaroHaniu pomba ABCD nepecekaloTcsl B
Touke O (puc. 2). IlocKoybKy CTOPOHBI poMOa paBHbI, TO TPEYTOJbHUK
ABC paBHOOenpeHHbII ¢ ocHoBaHMeM AC, a N0 CBOWCTBY auaroHajei
napauienorpamma tTouka O — cepenuHa AC. CienoBartesibHO, OTpe30K BO —
MeIMaHa paBHOOEAPEHHOIO TPEyrojibHUKA, KOTOpasi OIHOBPEMEHHO
SIBJISIETCSI €r0 BBICOTON UM OMCCEKTpUCOi. DTo o3Havaer, uto BD 1 AC, T.e.
NUaroHaad pomba nepneHaAuKyasspHbl, u ZABD = ~CBD, T1.e. BD — 6uc-
cektpuca yrina ABC.

AHaJIOTMYHO JOKa3bIBa€M, UTO IMAroHaayd poM0Oa sIBJIsIIOTCS OMCCEKTpU-
camu U Apyrux ero ymioB. Teopema nokaszaHa.

3anaga 1. Jduaronanp BD pomba ABCD o06pa3yeT ¢ ero CTOpOHOI
yroj, paBHbiil 35°. Haiinute yribl pom6a (puc. 3).

Pewenue. Tlycte ZABD = 35°, Ttorma £ CBD = 35° (110 cBOICTBY poM0a).
CnenoBarenbHo, LZABC=2 ZABD=2-35"=70°, ZADC= ZABC="70°
(2- e cBoiicTBo mnapaienorpamma), £DAB=180°— ZABC (1-e cBOICTBO
napasienorpamma). 3Hauut, £LDAB = 180° — 70° = 110°, LBCD = ZDAB = 110°
(2- e cBOICTBO MapajjienorpaMmma).

Omeem: 70°, 110°, 70°, 110°.

3anawa 2. MoOryr Ju pa3jMyHble pOMObl UMETh paBHbIE MEPUMETPHI?

Pewenue. POMOBI. KOTOpPbIE MMEIOT paBHbIE MEPUMETPHI, Pa3TUYAIOTCS
MeXIy coboii TojJbKo yriaaMu. Hampumep, ecim ocTpblii yroa pomoba:
1) paBeH 40°, To ocranbHble yribel paBHbI 140°, 40°, 140° COOTBETCTBEHHO;
2) paBeH 15°, To ocTanbHbIe Ykl paBHBI 165°, 15°, 165° COOTBETCTBEHHO U

@B , CC2>B , cl|B C@
0 '35\
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(4) B C B c (5) B
y ' O
A —0— C
AB = BC = CD = DA
+ JA=sB=sC=—+
=,D =90 0
1 | r D
% a D 4 6 D AC=BD, ACL BD

T.0. [Togo6HO 3TOMY, MOXHO BMECTO OCTPOIO yrja Oparh pa3JMUHbIE TYIIbIE
yribl. Omeem: na, MOTYT.
2. KBajpar u ero cpoiicTna.

Onpenenenne. Keadpamom Ha3zvieaemcs NpsimMoy20AbHUK, ) KOMOPO2O
8ce CMOPOHbL PABHDL.

MoxHO cKa3aTb, UTO KBaapaT SIBJISIETCSI pOMOOM, Y KOTOPOIO BCE€ YIJIbI
npsMbie ( puc. 4, a). KBagpaT OZHOBpPEMEHHO SIBJISIETCS IMapajieorpam-
MOM, TIIPSIMOYTOJIbHUKOM M pOMOOM M, 3HAUUT, 00JalaeT BCEMU CBOMCTBaA-
MU 3TUX Guryp. [IpuBeaemM oCHOBHbIE CBOMCTBA KBajapara.

1°. Bce yrabl KBaapaTa npsiMbie.

2°. JImaronajm KBaJapaTta paBHbI MEXKIY COOOii.

3°. luaronajam KBaJapaTa B3aMMHO NePNEeHIUKYJAPHBI, NeJST YIJbl KBaJ-
paTa nmomoJiaM M JieJaTcs TOYKOM mepecedyenus nonojaam (puc. 4, 0).

JloKaxuTe 3T CBOMCTBA CAMOCTOSITEJIBHO.

3amaua 3. JlokaxuTe, 4TO €ClIM B poMOe IuaroHajaud paBHBI, TO 3TOT
pOMO SIBJISIETCS KBaApPaTOM.

Hoxazamenvcmeo. Tak Kak poMmO SBISIETCS MapajjieiorpaMMOM, TO U3
MpU3HaKa MPSIMOYrojJibHUKA CJeayeT, YTO PoMO, Y KOTOPOro paBHbI aua-
TOHaJIU, SIBJISIETCS] TIPSIMOYTOJIbHUKOM, a 3HAYUT, OH SIBJISIETCS] KBAaJpaTOM.

3anaya 4. B BbIMYKJIOM YeTbIPEXYTOJbHMKE AUATOHAIW MEePHEHIUKYJISp-
Hbl U paBHbI MeXIy co00il. SIBiseTcss U 3TOT YEThIPEXYrOJbHUK KBaapa-
TOoM?

Pewenue. Ha puc. 5 nmpuBeaeH oAuMH U3 MPUMEPOB, YAOBIETBOPSIOIINX
YCJIOBUIO 3afauyu. B aToM ciyyae ogHa M3 aMaroHajeil pasaesieHa IornoJjiam
Ha yactd. Ho B 3TOM cilyyae BBINOJHSIOTCSI TOJBKO HEKOTOpPbIE CBOMCTBA
kBagpata: 2° U 3°, T.e. BBINOJHSIETCSI YCJIOBUE B3aMMHOW MepIIeHIUKYJISIP-
HOCTM JAuaroHajeii u ux paBeHCTBO. [103TOMy 3TOT YeThIpeXyroJbHUK HeE
SIBJISIETCSI KBajJpaToM. B orpeneneHHBbIX ciiyyasix, o0e AuaroHaid 4YeTbIpex-
YroJbHUKA MOTYT JEJUThCs momnosiaM. TOJIbKO B 3TOM Cjyyae 4eTblpex-
YTOJbHUK OyIeT KBaJpaTOM.

Omeem: He 0053aTEIILHO.
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Bonpocst, 3a0auu u 3adanus

1.
c,

2.

10.

11.

12.

13.

1) Yto takoe pom6? Ilepeunciaute cBoiicTBa poMoOa.

2) Urto Takoe kBangpar? JlaiiTe onpeneneHue KBaapara, UCXOAsI U3 MOHSI-
TUIA: a) mapajuiesiorpamMmma; 0) pom0a; B) NMPSIMOYTOJbHUKA.

3) IlepeuncauTe CBOMCTBA KBaapaTa.

CropoHa kBaapata paBHa 20 cm. Hailimute paccTosHue OT TOUYKU
MEePEeCceUYeHUs AUaroHaJIel 10 OJMHOM M3 CTOPOH KBaaparta.

Cropona pomba ABCD paBHa 24 cm, @

a yron A paeH 30°. Haiinute pac- B ¢
CTOSIHME OT BEpUIMHBI B 10 IMPOTUBO-

Jiexaitieii eir croponsl AD (puc. 6). q

B mycThle MecTa mocTaBbTE COOTBETCT- 1 320 D

BYIOLLIME YMCIIA.
Pewenue. PacctosiHue oT ToOuku B 1o mnpsimoit AD paBHO JJIMHE Tiep-
MEeHAMKYJsIpa, MPOBEAEHHOIO M3 TOYKM B Ha 3Ty MpSIMYylo, T.e. IJIMHE
otpe3ka BP. Paccmorpum TpeyroibHuk ABP. ZAPB=..°, ZA=..",
AB= ...

Torma BP=0,5-...=0,5-...= ... (cm) (10 CBOMCTBY KareTa, JieXallero
npoTuB yria...’). Omeem: BP= .... cm.

1) (/Ipakmuueckue 3adanus.) Kak MOXHO IOCTpOUTh: 1) poMO U3 IBYX
pPaBHBIX TPEYrOJbHUKOB; 2) poMO M KBaApaT U3 YEThIpeX PaBHBIX Tpe-
yroibHUKOB? TToKaxxuTe BO3MOXHBIE PEIICHMSI.

B paBHOOeApeHHbI MPSIMOYTOJbHBII TPEYroJbHUK BIIMCAaH KBaapaT
TakK, 4YTO JBE €ro BEpIIMHBI JieXaT Ha TUIIOTEeHY3e, a JBe JApyrue — Ha
Karetax. Haiigure cTopoHy KBaaparta, eCiayd rMnoTeHy3a paBHa 21 cm.
VYriabl, o6pa3yemble AuUaroHaasIMu poMOa C €ro CTOpOHAMM, OTHOCSTCS
Kak 2 : 7. Haitnure yrisl pomoa.

Kakast monyuurcst ¢urypa, ecid cepeavHbl CTOPOH KBajpara Mocjieno-
BaTeJIbHO COEIUHUTb OTPE3KaMM?

JlokaxuTte, 4TO BCE BBICOThI pOMOA paBHBI.

CTOpOHBI YEThIPEXYroJibHUKA OTHOCATCS Kak 2:4:5:7, a mepumerp
paBeH 108 cm. Haiiaute cCTOPOHBI 3TOr0 YEThIPEXYTOJbHUKA.

Haiinute mepumerp pomba, y KOTOPOro OIWH M3 YIJIOB paBeH 60°,
a MeHbllasi 1UaroHajb paBHa 16 cm.

Yrbl, o6pazyeMble JMaroHaJsIMM poMba C OMHON M3 €ro CTOPOH, OTHO-
csaTcs Kak S : 4. Haiigute yriabl pomoa.

HaiinuTe cTropoHy KBaapaTa, NMEpUMETP KOTOPOrO paBeH MEPUMETPY
MPSIMOYTOJIbHUKA, UMEIOIIEro JauHy 32 cm, a IUpUHYy 28 cm.
HaiinuTe nepumeTp YeTbIpeXyrojibHMKa, €CJAM €ro HauMMeHbIlas CTO-
pOHa paBHa 5 cm, a Kaxjasl cleaylollasi CTOpoHa Ha 2 cm OoJibllie Mpe-
JBIAYIIEHA.
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Q 7—8. TPAIIELIUS U EE CBOIICTBA )

1. Onpenenenne tpanemun. Kaxk uzBecTHO, J1000# MapaiesorpaMmm
MMeeT JBE Iapbl MapasuleJIbHbIX CTOPOH. PaccMOTpuM Terepb 4eThIpex-
YTOJIbHUK, KOTOPBI MMEET TOJILKO OJHY Mapy IapaiieJbHbIX CTOPOH.

Onpenenenne 1. Tpaneuueii Ha3zvieaemcs yemvlpexy20ibHUK, ) KOMO-
po2o 06e CMOpPOHbL NAPALLeNbHbl, a 08e Opyeue He NapaiielbHbl.

IlapamienbHble CTOPOHBI Tpaleldu Ha3bIBAIOT €€ OCHOBAHUSAMU, A HE
napajuieJibHble CTOPOHbI — 60KoebiMu cmopoHamu. Ha pucyHke 1 B Tpaneuuu
ABCD ctoponbl AD u BC gnsiiorcst ocroganusmu, AB n CD 60ko6bimu
CMOPOHAMU.

Onpenenenne 2. Ilpamoyeoavnoii mpaneuyuei Ha3viéaemcs mpaneuus, y
Komopoil 00Ha u3 GOK0BbIX CHOPOH NEPNeHOUKYASAPHA OCHOGaHusMm (puc. 2).

Onpenenenne 3. Pasnobedpennoii mpaneuueli Ha3zvieaemcs mpaneyus,
¥y Komopoul 60K08ble CMOPOHbL PABHUL.

Ha pucynke 3 nzobpakeHa paBHOOeapeHHas1 Tpaneuusi ABCD: AB= CD.
2. Ilpm3uak tpanenun. Terepb pacCMOTPUM, MPU KAKMX YCIOBMSIX UEThI-
pexyronbHUK ABCD Gyner Tpareuuei.
Teopema.
Ecin B 4eTbipexyroibHUKe CyMMa JBYX YIJIOB, MpPHJIEXKAIIUX K OJHOM
cTopone, papHa 180°, a cyMmma aByX yrJioB, NPIIEXKAIIMX K CMEXKHOI CTOpOHE,
oTimyHa ot 180°, TO 3TOT YeTHIPEXYTrONbHUK SIBJSETCS Tpaneiuei.

Lokazamenvcmeo. Ilyctb B yeTbipexyroibHuke ABCD ZA + ZB=180° u
LA+ ZD# 180°. JlokaxeMm, 4TO 4eThipeXyroibHUK ABCD sBisiercsi Tparie-
uueii. Bo-TepBBIX, TMOKaxkeM, UYTO Tapa €ro IPOTHMBOMOJIOXHBIX CTOPOH
napayutensHa. Ilposenem mnpsmyio AB, BC(l) u AD (I) (puc. 4). Ilo
ycnoBuio LA+ £B=180°, torna orpe3ku AD u BC napajiebHbl MO MPU3-
HaKy TapajuleJIbHOCTU (ecau npu nepeceveHuu 08yx npsamvlx a u b mpemoveil
NpAMOIL C, CyMMa O08YX GHYMPEHHUX O00HOCMOPOHHUX Yenoeé pasHa 180°, mo
npamele a u b napainsenvHul.).

1) B C B C 3) B C
(0 3 @) (3
AD | BC
ABYDC
-
A D A o D| |4 D
ADn BC —ocHOBaHUS, £A=90°, AB= DC,
AB u DC — 6oKoBBIE HPAMOYTOJIbHAA paBHOGeIpEeHHAs
CTOPOHBI Tparenust Tpanewnust

19



Bo-BTOpBIX, YCTAHOBUM, 4YTO ABE JIPYyrve€ CTOPOHBI YETHIPEXYroJbHUKA
ABCD ue napamienbHsl. [1o yenoBuio £ZA + £D # 180°, B 3TOM cllyyae OTpe3Ku
AB u DC Oyayr He mnapajuielibHbl (no namoiu akcuome FEexauda, m.e. He
8bIN0ONHAECMCS He00X00UMOoe ycaosue napaitessHocmu npamuix). CaenoBaTesbHO,
yeTbhlpexyrojbHuk ABCD Oynet Tpaneuueit. Yto u TpedoBagoch 10Ka3aTh.

M3 2T0i1 TeopeMbl BhITEKAET ClIEIyIOlee CIEACTBUE.

Cnencreue. Ecau odun u3 yenoe mpaneyuu pasern 90°, mo ewe 00uH yeon
mpaneyuu paser 90°.

Onpenenenne 4. Boicomoi mpaneuuu Hazvieaemcs nepneHOUKyYAsp,
NpoBeOeH bl U3 MOUKU 00H020 OCHOBAHUS K NPAMOLU, codepicaujeii opyzoe
OCHOBaHLUe.

JI1000#i OTpe30K MpsAMOM, IEePIEHAUKYIIPHBIA OCHOBAHMSM U 3aKJIIO-
YEHHBI MeXAYy HMUMM, MOXHO B3SITb B Kau€CTBE BBICOThI Tpameluu, T.€. B
TpaneLyy MOXHO ITPOBECTU 0€CKOHEUHO MHOTO BBICOT (puc. 5).

3. CpoiicTBO paBHOOEIPEHHOH TpaNenyH.

Paccmorpum paBHOOenpeHHyto Tpaneuuto ABCD, rne AD=a — 00Jb-
mee ocHoBaHue, BC = b — meHbliee ocHoBaHue. [IpoBememM M3 BeplLIMHBI
B menbiiero ocHoBaHusl Beicoty BP (puc. 6). Ilycth OCHOBaHME BBICOThI
P pazouBaet ctopoHy AD Ha otpe3ku AP u PD.

Teopema.
BbicoTa paBHOOenpeHHO# Tpamemud, OMYyIMIEHHAS] W3 BEpPHIMHBI TYNOIO

yria, JeJuT OoJiblliee OCHOBAHME TpamelMd HAa YacTH, PABHbIE MOJIY-
Pa3HOCTH M NOJYCyMMe OCHOBAHMii, TO €CTh:

AP=a_b PD=a+b
2

b 2 *

Jokazamenvcmeo. OnyctuMm u3 BepiumHbl C CF 1 AD. TlpssMoyroyibHbie
TpeyroibHUKU ABP u DCF paBHbI, TaK KaK paBHbl WX TMIIOTEHY3bI:
AB= DC (no ycnoBuwo) u KateTbl: BP= CF (Kak paccTosiHUSI MeXay Iapa-
JneabHbiMU npsiMbiMU BC u AD.) VI3 paBeHCTBa TPEYroJIbHUKOB CJEIyeT,
yto AP = FD. Ilpsmbie BP u CF, nepneHIuKyJspHble OIHONH M TOW Xe
npsiMoit, nmapasienbHel. Torna BC = PF= b. Utak,

AP = FD=AP—PF _a-b pp_ gD AP =-q-%0_90

2 2 7 2 2
4
GB; 6 /) @_B c @B C
J .\'::.\.‘ ..:".
w/ |0 |0 |a\ & £ X
7 ¥ |4 o AP D
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Takum obpazom, AP = HTJ’ u PD = a;b.

Yto 1 TpedoBaIOCh 10Ka3aTh.

3anaya 1. JlokaxuTe, 4YTo B paBHOOEAPEHHOU Tpameluu paBHbI YIJIbI
MPU OCHOBAHMSIX.

Pewenue. Tlyctb ABCD — paBHOOenpeHHasi Tpaneuusi, 1.e. AB= DC u
AD || BC. TokaxeM, 4TO B paBHOOEAPEHHOM TpaIlelu PaBHBI YIJIBI IIPU OC-
HoBaHUusIX AD u BC (LA=4«D, £B=2C).

ITpoBeaem BbicOThl U3 BepiuH (B u C) TYNbIX YIJIOB K OCHOBaHUIO AD:
BP1 AD, CF1 AD (cMm. puc. 6). PaccMOTpUM TIPSIMOYTOJIbHBIE TPEYIrOJib-
Huku ABP u DCF. Y Hux AB= DC, kak OOKOBBLIE CTOPOHBLI paBHOOEHI-
peHHoil Tpaneuuu, BP= CF, Kak pacCTOSIHUSI MeXAy MapasuieJbHbIMU
npsameimu BC u AD. CnenoBatenbHo, AABP= ADCF no rumnoreHy3e u
katety. OTcloma cienyer, uro LA = ZD.

Vbl Ttpaneuun A u B, C u D 9BISIIOTCS BHYTPEHHUMM OJHOCTO-
POHHMMM yIJaMu, TpU NapajieabHbIX MNpsMbIXx AD u BC u cekyluMu
AB u CD coorBercTBeHHO, Moatomy LA+ /ZB=180° u £C+ £D=180°.
Orciopa cneayer, uro £B=/C. Takum o0pa3oM, yIjabl IIpU OCHOBAaHUU
paBHOOeApPEeHHON Tpaneuuu paBHbl: LA=/D n £ZB=/C. Yto u Tpebdo-
BaJIOCh JIOKA3aTh.

3amaua 2. MeHblllee OCHOBaHME PaBHO- B
OOKOIl Tparneuuu paBHO OOKOBOI CTOpPOHE, a @
JNMaroHaab MeprneHauKyasipHa OOKOBOM CTO-
poHe. Haiinute yribl Tpaneuuu.

Pewenue. Ilyctb jaHa paBHOOOKAsI Tparie-
st ABCD, B kortopoii AD || BC, AB= BC= CD,
AC L CD (puc. 7). Ilo ycnoBuio 3agauu Tpe- |A D
yroibHUK ABC paBHOOEAPEHHBI C OCHOBa-
Huem AC, cnenmoBatelibHO, LBCA=/CAB. Ho ZA= /D, KaKk yribl npu
OCHOBaHUM paBHOOOKoI Tpamneuuu, a £LCAD= /BCA, Kak BHYTpeHHUE
HakpecT Jexaimme yriel npu  AD| BC u  cekyweit AC. 3Hauwur,
£LA=2/CAD. lanee, 1o ycioBuIO TpeyroJbHUK ACD — NpsSIMOYIOJIbHBINMA,
Ttak 4T0 LCAD+ 2D = 90°, HO TaKk Kak £ZD=ZA, To 90°=32£CAD, cineno-
BatebHO, L CAD=30° u torna /D=/A=60°, 2.C=-/B=120".

Omeem: ZA=,D=60°, /B=,/C=120".

3anaya 3. OTHOIIEHHWE CTOPOH pPAaBHOOEAPEHHON Tpareluu paBHO
1:1:1:2. Haitaute yrjisl 3Toii TpaneLuu.

Pewenue. Ilyctb B Tpaneuuu ABCD B C
AB=BC=CD=1 u AD=2. O603HauuM ue-
pe3 P cepenuHy ctopoHbl AD (puc. 8). B ye-
ThIpexyroibHuke ABCP TpOTUBOIIOJOXHBIE s X
ctopoHbl AP u BC paBHBI U Mapaljie/IbHBI.
3HA4YUT, 3TOT YETHIPEXYTOJbHUK — IMapalijie- | |
JorpamMMm, WM, ciaegoBatelbHo, PC=AB=1.

21

C




B tpeyronpauke PCD Bce cTopoHBI paBHBI 1, moatomy ~PDC = 60°. Takum
o6pasom, B Tpaneunu ABCD /A= /D=60°u £B= 2C=120".

Omeem: /A=,/D=60°, /B=,2C=120".

Bonpocst, 3a0auu u 3adanus

10.

11.

12.

1) Kakoit yeTblpexyroJibHUK Ha3bIBaeTcsl Tpanenuei? Kakue cTOpoHbI
Ha3bIBAIOTCSI: @) OCHOBAHUSIMU, 0) OOKOBBIMU CTOPOHAMMU?

2) Kakas Ttpanmeuuss HasbIBaeTCsl: a) paBHOOEAPEHHOM; ©0) mpsMo-
YTOJbHOM?

BbicoTa Tpaneinuu, He MpoXxoAsiias yepe3 ero BepliuHy, pa3ouBaeT Tpa-
MEeLMIO Ha ABE MPsSIMOYToJibHbIe Tparnenuu. [TokaxuTe 3To Ha yepTexe.
bokoBble CTOPOHBI NPSMOYTOJIBHOW Tpaneuuu OTHOcITCS Kak 1 :2.
Haiinure HauOGOJIbILIMIA yroa Tpareuuu.

OcHoBaHus Tparneuuu paBHbl 12 cm 1 20 cm, a G0KOBbIE CTOPOHBI 4 cm
1 11 cm. M3 KOHLIa MEHbILIETO0 OCHOBAaHMS IIpOBeAcHA MpsMas, mapai-
JieJIbHas MeHblleil 60KoBOM cTtopoHe. Hailaure nepumerp OTCEYEHHOro
TpeyroJjbHHUKa.

VYl A u D 1npu OCHOBAaHMHU TpamneLuu B C

ABCD paBubl 75° u 55° (puc. 9). Haiinure @
IpallyCHble MEpbl OCTAJIbHBIX €€ YIJIOB. 3a-
MOJHUTE MPOIYCKMU.

Pewenue. Yrael Au B, C u D gBnsiorcs on-
HOCTOPOHHUMM MpU TepecedyeHuu Iapa-
JeNbHbIX NpsIMbIX AD u BC cexyluuMu ... U | 4 D
. CrnenoBarenbHo, <ZA +/ZB=.." 1u
£C+«D=..". Tak kxak 1o yciaoBuwo ~LA=75 wu «£D=155°, TO
LB=."-/A=.."-.."=.."n £C=."-4D=.."-."=.".

Omeem: «B=..., 2C = ...

Haiinute ocHoOBaHUs paBHOOEIPEHHOW Tpamneluuu, €Cld OAWH U3 ee
yrioB paBeH 60°, mi1MHa 60KOBOI CTOpOHBI 16 cm, a cyMMa JUIMH OCHO-
BaHMit 38 cm.

B paBHOOeapeHHON Tpaneuuu BbICOTA, MPOBEACHHAsT M3 BEPILIMHBI TY-
IOro yrjia, IeJUT 0oJiblliee OCHOBaHME Ha OoTpe3ku 3 cm u 17 cm. Haii-
JIUTE€ OCHOBAHUS TpameLuu.

JokaxuTe, 4TO JMaroHaJIM paBHOOEAPEHHON Tparelyuu paBHBbI.

MoxeT 1 B Tpaneluu ObITh: 1) Tpu MpSIMBIX yIIa; 2) TPU OCTPHIX yIJa;
3) cymma tpex yrioB paBHO# 180°? OOOCHYITE OTBETHI.

HaiinuTe yriabl mpsIMOYrojibHOM Tparelyu, €CJid OTHOILIeHWEe HauboJIb-
1IEr0 ¥ HAaMMEHBIIEro UX HUX paBHO 3 : 4.

HaiinuTe Heu3BeCTHbIE YIVIbl pPaBHOOEAPEHHOM Tpamneluuu, B KOTOpOW
BbICOTA, IMPOBEACHHAs M3 BEPILIMHBI TYIOro yrjia, oopasyeT ¢ OOKOBOM
CTOpOHOI yron 19°.

AunaroHanb paBHOOEAPEHHON Tpameuuy IEIUT IMOMNojaM ee Tynoi yroJ.
Haiiaute nepumetp Tparenuu, eciv ee ocHoBaHus paBHbl 10 cm 1 20 cm.
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S 2. TEOPEMA ®AJECA M EE IPUMEHEHWE

Q 9. TEOPEMA ®AJIECA )

Teopema.

Ecim mapajiiesbHbie mpsMble, MepeceKaionme CTOPOHBI Yrjia, OTce-
KalOT Ha OJHOM CTOPOHE PaBHbIE OTPE3KH, TO OHH OTCEKAIOT PaBHbIE OT-
Pe3KH W HA JIPYroii ero CTopoHe.

Jloxazamenvscmeo. IlycTb Ha cTOpoHE (JTyye)
a yrna aOb c BepumHoit O OTIOXEHbI paBHbIE
otpesku AA, u A,A;,, U 4Yepe3 HUX KOHIBbI
(A,, A,, A;) npoBelneHbl Mapaysie/ibHbIe MpPsIMble
AB,, A,B, u A,B,, mnepecekawllue CTOPOHY
(iyya) b B Toukax B,, B,, B; (puc. 1).

Ternepp mOKaxeM, YTO MOJYyYEHHbIE OTPE3-
ku B|B, u B,B; paBHbl, T.e. ecnu  A\A, = A,A;,
10 BB, = B,B;.

IIpoBeaem uepe3 Touky B, mpsmyio CD, @
napajieiabHyo jyay a (puc. 2). Ilycth 3T1a
npsiMasi mepecekaer mnpsimple A,B, u A,B; B C\ BX 24pD
toukax C u D. YerbipexyroibHuku A,CB,A, u
A, B, DA, — napajieIorpaMMbl IO OIpPEAEIEHUIO,
TaK Kak IO YCJIOBUIO MPOTUBOMOJIOXKHBIE CTO-
POHBI PaBHBI U TTO MOCTPOEHUIO MapaIICIbHBI.

I[lo ycnoBuro AA,=AA, AA=CB, nun
A,A;= B,D, xak NOpOTUBOMOJOXHBIE CTOPOHBI
napauienorpamma. CienoBateiabHo, CB, = B, D.

Paccmotpum tpeyronbhuku B,B,C u B;B,D. Y nux CB,= B,D no noka-
3aHHOMY, £1 = /2 KakK BepTUKaJIbHble, a £3 = /4 KaK BHYTPEHHME HaKpecT
Jiexxallye npy napauiebHbIX IpsMbiX A, B, u A,B; u cexyieit CD.

CnenoBatenbHo, ABB,C=AB;B,D 110 BTOpOoMy IPU3HAKY PaBEHCTBa
TPEYTrOJIbHUKOB, OTKyna BB, = B,B;.

Takum o6pasom, eciu A,A4, = A,A;, To BB, = B,B;. Teopema noka3aHa.

IIpumveuanue! Ob6pamum eHumanue, umo 6 ycaosuu meopemvl Daneca
6Mecmo CMOPOH Y2Aa MOJICHO paccmampueams aA0bvle 08e NpoU38oAbHbLIE
npsamble, NpU IMOM 3aKAUeHUe meopembvl 6ydem mo ice.

[Toaromy Teopema @asieca MoxeT (OPMYJIUPOBATHCS U CIEAYIOLIUM
o0paszom.

Cnencteue. IlapaanenbHble mpsivbie, NepecekalnmIMe JBe JAaHHbIE
npsMble ¥ OTCEKAmMe HA OJHOH NpAMOW paBHble OTPE3KH, OTCEKAIOT
paBHbIe OTPE3KHM ¥ HA JAPYroi mpsiMoi.
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3anaua 1. ([enrenue ompesxka na pasnvie yacmu.) Paznenum orpe3ok AB
Ha 1 paBHbBIX YacTEM.

Pewenue. Tlyctb naH otpe3ok AB. Ilokaxem, Kak pa3faeiauTbh €ro Ha
n paBHbIX yacteid. st aToro u3 Touku A nposeaem jyd AC He Jiexalluii
Ha npsiMoii AB, 1 Ha HeM OT TOYKU A OTJIOXMM MOCJEIOBaTeJIbHO # paB-
HbIX OTpe3KOB AA,, A\A,, A)As, ..., A, |A,, T.€. CTOJIBKO, HA CKOJIBKO PaB-
HBIX YacTeil HY>XXKHO pa3le/]UTh JaHHBII oTpe30K AB (puc. 3, n=6). I1poBe-
neMm mnpsimyio A,B (Touka A, — KOHell MOCJEIHEro OTpe3Ka) W Iapa-

JieNIbHbIE e TpsiMble uyepe3 TOUuku A,, 4,, A;, ..., A,_,. I1lo Teopeme Daneca
3TU MpSIMbIE JENSIT OTpe30K AB B Toukax B, B,, B;, ..., B, | Ha n paBHBIX
yacreit: AB,=B,B,=...= B, |B.

AHaJIOTUYHO, MOXHO pa3feuTh IIPOM3BOJIBHBIM OTPE30K Ha JiIoboe
KOJIMYECTBO PaBHbBIX YaCTEM.

3anaua 2. B TpeyronbHuke ABC cropoHa BC pasjaeneHa Ha YeTbipe
paBHbIE YaCTU, U 4Yepe3 IMOJIyYeHHbIe TOUYKM AEJCHUST MPOBEACHBI IpsSMbIE,
napauieJibHble CTOpoHe AB paBHo#i 18 cm. HaiinuTe oTpe3Ku npsiMbIX, 3aKJTH0-
YeHHbIE BHYTPU TPEYrOJbHMKA.

Jano: B ANABC: BB, = B\B,= B,B;= B,C, AB=18 cm;
B, G || B,G, ||B;C, || AB.

Haumu: B,C;, B,C,, B,C, (puc. 4).

Pewenue. 1) Tlposenem A,B; || A,B, || A;B, || AC.

2) ITo Teopeme PDaneca:

AA, = A A, = A4, = A,B=AB:4=18:4=45 (cm).

3) YernlpexyroibHuk AA,B,C, — nmapasuieaorpaMm 1o OonpeaesieHuIo, Tak
Kak AA, || C,B; (1o ycnosuio) u A,B; || AC, (1o mocrpoenuio). Ciie1oBaTesIbHO,
AA, = C,B;=4,5 (cm).

4) YetripexyrojibHuk AA,B,C, — napajjenorpaMm Io OIpeaeaeHuIo, Tak
Kak AA, || C,B, (1o ycnosuio) u A,B, || AC, (1o mocrpoenuio). Ciie1oBaTeIbHO,

AA2 = Csz = 2AA1 = 2 : 4,5 = 9 (Cm).




A'Al' A2| ABI i a

5) YerslpexyroibHuk AA,B,C; — napajieaorpamMM 1o ONpeaeeHuIo, Tak

Kak AA; || C;B, (o yciosuio) u A, B, || AC, (o nmoctpoenuio). CrenoBaresbHO,

'~

AAs= C3B, = 344,=3-4,5= 13,5 (cm).
Omeem: C\B;=4,5 cm, C,B,=9 cm, C;B,= 13,5 cm.

Bonpocst, 3a0auu u 3adanus

1) Chopmynupyiite Teopemy Paseca.

2) Kak, ucnonnsys teopemy PDaneca, pa3neqnTb OTPE30K Ha A1 PaBHBIX
qacreit?

Paznenure ¢ moMollbi0 LTUPKYIAST U JUMHEWKU OTpe3oK AB: 1) Ha naBe
paBHBIC YacTH; 2) Ha TPU paBHbIE YaCTH; 3) HaA LIECTh PaBHbIX YACTEH.

. Hano: ZA, AB=BD=7 cm, BC|| DE, CE=5 cm (puc. 5).

Haiumu: AC.
lano: £a0b, OA= AA, = A A, = A,A5= AsA,,
AB|| A\B, | 4,8, || A;Bs|| A;4B,, OB, =8 cm (puc. 6).
Haiimu: OB,, OB,, OB,.
Touku M u N — cepeaunnl ctopoH BC u AD napamienorpamma ABCD.

HokaxwuTte. yto npssmbie BN u MD nenst nuaroHaib AC Ha Tpu paBHbIE
yactu (puc. 7).

B tpaneuuu ABCD uepe3 BepluuHY B npoBeneHa
npsMas BK, napaienbHasi ctopoHe CD (puc. 8). @ B C

1) dokaxwute, uto KBCD — napaiesiorpaMm.
2) Haiinute nnepumerp tpareuuu, ecau BC =4 cm,
P=11 cm.

Paznenure nmaHHBI OTpe3oK AB: 1) Ha 4eThipe
paBHBIE YacTy; 2) Ha ISTh PaBHBIX YaCTeil.

ITo gaHHBIM pUCYHKa 9 HaauTe X, ecau al| b.

. Mano: 2a0b, OA= AA, = A\A, = A,As= A3A,, @
AB|| A, B, || A,B, || A;B; || A4B,, OB, - B3B, = 18 cm 3 ’
(cM. puc. 6). x
Haiimu: OB,, OB,, OB, 4 N\a b
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10—11. CBOUCTBO CPEJHEUN JIMHUMN TPEYT'OJIbHUKA.
\ CBOUCTBO CPEAHEU JIMHUN TPAIIEIINN

1. CBoiicTBO cpelHell JMHHHM TPEYroJbHHKA.

Onpenenenne. Cpeodneil aunuenl mpey2oibHUKA HA3bIBACMCS 0mpe30x,\

| coedunstouuil cepedutsl 08yx e2o CMOpPOH. )

Ilycts B TpeyronbHuke ABC Ttouku D u E — cepeauHbl CTOpoH AB u
BC coorBerctBeHHO, T.e. AD=DB u CE= EB. CoenyHUM 3TU TOYKU
orpe3skoM DE. OtHocutenbHo cpenHeid auHuu DE ctropoHa AC gBisieTcs
ocHosanuem mpeyeoavhuka (puc. 1). B 11000M TpeyrojbHMKE MMEIOTCS TpU
cpenHue JUHUM (puc. 2).

Teopema 1.

Cpeansia JMHASA TPEYroJbHHKA NMapajljie/ibHA OIHOH M3 €ro CTOPOH M
pPaBHA TOJIOBHHE 3TOM CTOPOHDI.

Jano: B AABC: AD= DB, CE= EB, DE — cpenHssi auHus (puc. 2).
Tpebyemcsa dokazams: 1) DE || AC; 2) DE = %AC.

Jlokazameavcmeo. 1) Ilycts DE — cpenHsia nuHusl TpeyroibHuka ABC.
ITpoBenem uepe3 Touky D mpsmyro, napamienbHyio AC. I1o teopeme Da-
Jleca oHa repecekaeT oTpe3ok BC B ero cepeiavHe, T.e. COAEPXKUT CPEIHION
quauio DE. 3Hauut, cpenHsist iuHus DE napannenbHa cropoHe AC.

2) IlpoBeaem Ttenepb cpenHiow auHUO EF. Ilo TOJbKO 4TO NOKa3aH-
HOMY OHa Oyner mapauiesibHa ctopoHe AB, 1.e. EF | AB, orciona EF || AD.
YetoipexyronbHuK ADEF ¢ monapHo napajulieJibHBIMU CTOPOHAMU MO OIlpe-
NeJICHUIO SIBJISIETCS mapajuienorpaMmMomMm, otkyna DE= AF. A TOCKOJbKY
F — cepequna AC, To DE = %AC . Uto u TpeboBaaoCh J0OKA3aTh.

3anava. IlepuMeTp TpeyrojibHMUKa paBeH p, CEpeaMHbl CTOPOH COEAU-
HeHbl oTpe3kamu. Haitnure rnepuMeTp MoayYMBIIErOCsS TPEYroJbHUKA.

Pewenue. CTOpOHBI MOJIyUMBILIETOCS TPEYrOJbHUKA SIBJSIIOTCS CPEIHU-
MM JIMHUSIMA HCXOAHOro TpeyrojbHuka (puc. 3). CremoBarejlbHO, OHU
paBHBI TOJOBUMHAM COOTBETCTBYIOIIMX CTOPOH. I10aTOMY MCKOMBIN Tepu-
METp paBeH ITOJOBMHE MepUMeTpa UCXOIHOIO TPEYrojJbHUKA, T.€.:

Pppr=DE+ EF+ FD=0,5(AC + AB+ BC)=0,5p. Omeem: 0,5p.

® A ©) A ©) A




2. CBoiicTBO CpeJHeill JUHUH Tpaneluu.

Onpenenenne. CpeoHeli auHuel mpaneyuu Ha3vl8AemMcs OMpPe30K, coe-
OUHAIOWUL cepeduHbl ee DOK0BbIX CHOPOH.

IIycte nana tpaneuus ABCD, tne AD u BC — oCHOBaHUSI TpameLuu;
Touku E u F — cepenuHbl 00KOBBIX CTOpoH (puc. 4). Torna EF — cpeaHsis
JIMHUS Tpaneuuu.

Teopema 2.

Cpeanssi JMHHSA Tpanenud NapauiejbHA OCHOBAHMSM M paBHA WX
HOJIyCyMMe.

IHoxazameavcmeo. Ilycts EF — cpen- B C
Hsas uHUsT tpaneuuu ABCD (AD| BC) ¢ @

ocHoBaHusiMu AD u BC. IlpoBenem mnps-
Mylo BF 1 oTMeTUM TOUYKY P — TOUKy Iiepe-
ceyeHust BF u AD (puc. 5). TpeyrojbHUKU
BCF v PDF paBHbI IO BTOPOMY MPU3HAKY o
paBeHcTBa TpeyroibHUKoB (CF= DF 1o
ycioBulo, Z1= /2XKaKk BepTUKAJbHBIE, | 4 D
Z3=/4 Kak BHYTpPEHHUE HaKpecT Jexa-
1IKe YIJIbl TIpYU MapasuieibHbIX NpsiMbix BC

u AD n cexyuieir CD). U3 paBeHcTBa 3TUX @
TPEYroJbHUKOB clieayeT, 4to BF= PF u,
3HauuT, EF — cpemaHsasd JIMHUS TPEyroJib-
Huka ABP. VI3 TeopeMbl O cpelHeill JMHUU
TpeyrojibHUKa CIeAYyeT, UYTO < =2

EF| AP wu EF :%AP.

Tak xak AD | BC, o EF Gyner mapai-
JielbHa O0OOMM OCHOBAaHMSIM U, KPOME TOTO,

EF - %AP =%(AD + DP) = %(AD + BO).
3uauur, EF || AD || BC u

A\

EF = %(AD + B(C). Teopema nokasaHa.

Cnencteue. Ilpsmasi, mpoxonsiuasi yepe3 cepeauHy OOKOBOI CTOPOHBI
Tpareury U napajiejibHash OCHOBAHUSM, NIEJIUT BTOPYI0 OOKOBYIO CTOPOHY
MOIoJIaM.

JIoKaxxuTe 3TO CaMOCTOSITEIBHO.

Bonpocst, 3a0auu u 3adanus

1. 1) Yo Ha3bIBaeTCsl cpeaHei JIMHUENH TPeyroJbHUKA?
? 2) UYrto Ha3bIBaeTCsl CpenHel JMHUEeN Tpaneuumn?
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2.

10.

11.

12.

CTtopoHbI TpeyrojbHuMKa paBHbl 5 c¢cm, 7 cm u 11 cm. Haiinure

CTOPOHBI TPEYroJibHUKA, BEPIIMHAMM KOTOPOIO SIBJSIIOTCS CEepearHbI

CTOPOH JAHHOTO TPEYroJibHUKA.

HaiinuTe CTOpOHBI TpEyrojibHUKA, CpPeIHUEe JUHUM KOTOPOTO pPaBHBI

6 cm, 7 cm 1 9 cm COOTBETCTBEHHO.

AuaroHanyd Tpaneuuud IOeasT ee CPEeIHIOW JIM-

Huto EF Ha OTpe3KU, UIMHBI KOTOPBIX PaBHbI @

5cm, 7cm u 4 cm (puc. 6). Haitnute mimHbI

OCHOBAHMIA Tameluu. 3aroJHUTEe TPOIYCKMU. E
Pewenue. B tpeyronbHuke ABC otpe3ok EP P T

aBisgercd ... . CiemoBareibHo, BC=2-.. cm =

=.. cm (MO CBOWCTBY ...). B TpeyronbHMKe

ACD otpe3ok PF gpnsercss ... PF=..+ ... = A D

=..cmt ..cm=..cm.

[Mostomy AD=2-...cm=..cm. Omegem: ...cm, ... cm.

Kaxnas u3 cropon TpeyrojibHuka ABC pasneieHa Ha TpU PaBHBIX OT-

pe3ka, U TOYKU JeJeHUs COeNMHEeHbl oTpe3kamu. Haiinure nepumerp

oOpa3oBaBlleiicss Tpu 3TOM (Uryphl (puc. 7), eciad MepuMeTp UCXO.Hd-

HOTO TPEYroJibHUKa paBeH p.

OcHoBaHus Tparneuuu paBHbl: 1) 4,5 dm u 8,2 dm; 2) 9 cm u 21 cm.

Yemy paBHaA JJIMHA CPEAHENH JUHUU Tpareuuun?

B tpameumuun ABCD (puc. 8) orpe3ok EF mapamneneH cropoHe CD,

aTouka F — cepeauna AB. lokaxure, uto EF= 0,5CD.

BbruncivTe HeM3BECTHbBIE IJIMHBI HA PUCYHKE 9.

JAuaroHanu Tpameuuu AENSIT €€ CPeIHIO JUHWIO Ha 4acTH, Kaxaas U3

KOTOpBIX paBHa 6 cm. Haiinure ocHOBaHMS Tpameluu.

B paBHOOenpeHHOI Tpameuuyd aUaroHajab MIMHOK 6 cm obpa3syer

¢ ocHoBaHMeM yroi 60°. Haiinure cpeaHIo JMHUIO TpaIeluu.

bonbiiee ocHoBaHue Tparenuu B 3 pa3a Oojblie MeHblero. Hainure

OCHOBaHMs Tpaneuuu, ecii CpeaHsst JMHus paBHa 20 cm.

IlepumeTp Tpaneuuu 40 cm, cymMMa He MapasuleJIbHbIX CTOPOH paBHa

16 cm. Haitnure cpeaHIo JUHUIO TpaNECIUM.

A\

(1)

‘@ C @ B__4 C’
p—>_"p
T # b .S T -
F 4 F,
% L E 3 A E,
% g A 8 D
I I i A zl‘;BQD — Tpaneuwusl.
aumu: X, y, 2.
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[ 12. IPAKTUYECKHME 3ATAHUA U UX ITPUMEHEHUME J

I. 3agaum n1s MccleaoBaHuA.

3anaua 1. [TocTpoiiTe MHOTOYTOJIBHUK, UMEIOLIUI # CTOPOH, eciau: 1) n=5;
2) n=17; 3) n=2_8. Paccyxnas, BeIBOAUM (POpMyJy IJIsI BBIYMCIEHUSI YKCIIa
pa3HbIX AuaroHasieil (d, ) MHOTOyTOJIbHUKA.

Pewenue. 1) n=5. Y3 BepinHbl A BboixoguT 1o 2 auaroHanu: AC u AD, u3
BeplUMHBI B BhixoguT mo 2 auaroHanu: BD u BE u T.n. WTak, U3 KaxXIbIX
MSITA TOYEK BBIXOAUT MO 2 auaroHanu (puc. 1).

Orcroma ciaeayeT, 4TO YMCIO JMaroHajeil, wuc-
XONSIIUX M3 OOHON BEPIIMHBI BBIMYKJIOIO MHOTO- @
YTOJIbHUKA, MEHBIIIE YeM YUCIIO CTOPOH (BEPLIMH) HA | 4 C
TpU, T.6. paBHO S5—3=2. YToOB HalTU oOIIEE
YUCJIO BCEX MOUArOHAJIEM, WCXONAIIMX U3 KaxXIou
BEPLIMHBI, YMCJIO CTOPOH YMHOXHUM Ha 2:
5:(5—3)=5-2=10.

Ho 4TOOBI MOMy4uTh OTBET, HAIO IIPOU3BEACHUE D
5+2 pa3geauTh Ha 2, TaK KaK KaxIylo W3 JuaroHauei
B 3TUX TMEPEUUCICHMSIX 3aCUUTHIBUIU OBaXabl (AC u E
CA, BD u DB wu 1.1. pa3Hble 0003HAUYEHUS OJHOU U
TOM XK€ OIMaroHajiv, T.e. OHU He SIBJISIFOTCSI HOBBIMU):

5-2:2=5.
Yucno pa3HbIX AUaroHajeil BHITYKJIOrO ISITUYTOJIbHUKA MOXHO HAWTHU U TaK:
1
]
1

Omeem: 5.

2) n=7. Ilpu pelleHun 3aga4y MMPOBOAUTCS aHAJOTMYHOE PaCCYXKIEHUE.
YuursiBass HaliIeHHYIO0 3aKOHOMEPHOCTh (I10 aJIrOPUTMY), Mbl MOXKEM HaXOIUTh
o0lliee YMCIO pa3HBIX AUMaroHajeil CeMUYroJbHUKa, He IIPOBOMASL PacCyKACHUIA
(puc. 2):

2) e 3) ¢
_ . ’
=
TSL
AET—X Hi%,r E
S~ -
- S
- /
H // F
G
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C7(7-3)  T-4%
dy = —5==—5--14

Omeem: 14.

3) n=28. Ilpu peueHUN 3ama4u IIPOBOAUTCS aHAJOTMYHOE PACCYXKICHUE.
YyuTeiBas HaliIeHHYIO 3aKOHOMEPHOCTh (IO aJrOPUTMY) Mbl MOXEM HaXOAUTh
0011Iee YMCJI0 pa3HbIX AMaroHajell BOCbMUYTOJbHUKA, HE IIPOBOIS PaCCyKICHUIM
(puc. 3):

4
d, - 383 85 9,

2 24
Omeem: 20.
Wrak, Bcero 4ymuciao pa3HbIX IUMAaroHajieil BeIUUCISIETCS MO (hopMyIie:
n(n-3
d, =3
2

Ilpumeuanue! Juaconaau, ucxodawue u3 00HOU 6epwUHbBL 68 BHINYKAOM

n-yzoavHuke, deasam ez20 Ha (n —2) mpeyzoabHUKa.
3amaua 2. MoXeT Jid YKCJIO pa3HbIX JUaroHajeli MHOIOYTOJIbHUKA PaBHO 257

n(n-3)
—-
=25. Torma n(n-3)=50 wm n(n-3)=2-5-5. Orcrona
BUAHO, 4TO 4mucjao 50 Helb3s BHIPa3UTh IPOU3BEACHUEM IBYX Pa3HBIX HATy-
paJbHBIX 4Mces, pasnuyaromuxcsa Ha 3. IloaToMy y MHOIOYrojbHMKa YHCJIO
pa3HbIX AMAaroHajeil paBHBIM 25 HE MOXET OBITh.

Omeem: HeT, HE CYLLIECTBYET.

3amaua 3. B kabuHeTre MaTteMaTuku 15 depTexkeil TpeyrojJbHUKOB U 4e-
TBIPEXYTOJbHUKOB. YMCI0 BCEX CTOPOH 3TUX MHOIOYTOJbHUKOB paBHO 33.
CKOJIBKO TPEYroJIbHUKOB U CKOJIBKO YEThIPEXYIOJbHUKOB Ha 4YepTeskax?

Pewenue. KonmuecTBO CTOPOH YETHIPEXYTOJbHUKOB IIPU JIIOOBIX HATypaib-
HBIX 3HAYCHUSIX KPATHO YeThipeM. YToObI cyMMa ObLia HEYETHA, T.¢. KOJIMYECTBO
TPEYroJIbHUKOB JOJLKHO OBITh HEYETHBIM YKCJIOM.

CocTaBUM ypaBHEHUE 110 YCJIOBUIO 3amauu: 3x + 4y = 53.

PaccMoTpuM BO3MOXKHEIE CIy4Yau.

Cayuaii 1. Illyctb x=1uy=14. Torma 3-1+4-14=53, t.e. 59 = 53.

Cayuaii 2. Ilyctb x =3 u y=13. Torma 3-3+4-12=153, 1.e. 57 # 53.

Cayuau 3. Tlyctb x=5u y=10. Torma 3-5+4-10=153, T.e. 55 # 53.

Cayuaii 4. Tlyctb x=7nu y=8. Torna 3-7+4-8=53, 1.e. 53=353.

VYcaoBue 3agauy BBINOJHEHO, MO3TOMY APYrue CilIyd4au HE paccMaTpuBa-
10Tcsl. Omeem: 7 TPEYroJIbHUKOB, 8 YeThIPEXyTrOJbHUKOB.

JlonoJIHUTEIbHBIE 3aJaHUS I CAMOCTOATEIbHOIO PEIleHHs:

1. B BeINYKJIOM MHOIOYTOJBHUKE YMCJIO IMAroHajeil, MCXOASIIUX U3 OJHOM
BepLUIMHBI, paBHO 13. YUeMy paBHO YHCJIO CTOPOH 3TOr0 MHOIOYTOJbHMKA?
Yucno Bcex ero auaroHajei?

2. CyuecTByeT JM MHOIOYIOJbHUK: 1) YMCJIO OuaroHajeil KOTOpPOIro paBHO
YUCIy €Tr0 CTOPOH; 2) YMCIO AuaroHajieii KOTOporo OoJibllie YHCjIa €ro
CcTOpOH?

Pewenue. Yncno pasHbIX AMAroHajeil n- yrojbHMKa paBHO d, =

-3
3HauwuT, an=3)
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I[OHOHHHTEHIBHbIﬁ MATEPUAIL,
PASBUBAIOIIINUN ITPAKTUYECKHUE
KOMIIETEHIIUN

INPABUWJIBHBIE MHOTOYTOJIbHBIE
ITAPKETbI

Bbl, KOHEeUHO, 3HaeTe, 4YTo Takoe MmapkeT. OOBIYHO
MmapKeT BBIKJIAALIBAIOT U3 JOLIEYEK, MMEIOLINX (hopMy
MPSIMOYTOJIbHUKA, W Yallle BCEro «EJI0YKOM» M T.I.

C TOYKM 3peHMSI MAaTEMAaTHMKHU MHapKeT — 3TO ITOK-
pBITHE TJIOCKOCTH TeOMeTpUUeCKMMH Qurypamu 0e3
3a30pOB U IlepecedyeHuii. PaccmMoTpuM cHavana map-
KEThl 13 IPaBUWIbHBIX MHOIOYTOJIbHUKOB — TPEYIOJib-
HHMKa, YEThIPEXYroJbHUKA U IIeCTUYrojbHUKA. CaMblil
IIPOCTOI IpUMep IapKeTa, COCTABJICHHOTO M3 OIMHAa-
KOBBIX KBaJIpaTOB, — 3TO Ballla TeTpalb B KJIeTOUKy. Ha
puc. 1 uzoOpaxeH MapKeT M3 MPABWIBHBIX TPEYroJjb-
HUKOB; Ha PHUC. 2 HapKeT W3 IPaBUJIbHBIX YEThIPEX-
VIOJIbHUKOB Y LIECTUYTOJLHUKOB; HAa pUC. 3 MapKeT U3
TPEYroJIbHUKOB, UYEThIPEXYIOJbHUKOB U IIE€CTUYTOJIb-
HUKOB; Ha pUC. 4 MapKeT U3 TPEYTrOJIbHUKOB M ILIECTHU-
YTOJILHUKOB.

ITapkeToM Ha3BIBACTCS TaKOE 3aIlOJIHEHUE ILJIOC-
KOCTM MHOIOYTIOJIbHUKAMHU, MPU KOTOPOM JII0ObIe IBa
MHOTOYTOJIbHUKA JU00 MMEIOT OOIIYI0 CTOPOHY, 10O
MMEIOT OOIIYIO0 BEpIIMHY, JM0O HEe UMEIOT OOILMX TOYEK.

INapkeT Ha3bIBACTCS MPABUAbHBIM, €CIIM OH COCTOUT
M3 IPAaBWIbHBIX MHOTOYTOJIbHUKOB U BOKPYI KaXKIOM
BEPIIMHBI IPABUJIbLHBIE MHOTOYTOJIbLHUKU PACITOIOXE-
HBl OJHVMM U T€M K€ CIIOCOOOM.

I[IpuMepbl mpaBUIBHBIX ITApKETOB MAIOT 3aIl0J-
HEHMS IUIOCKOCTH: IPaBMJILHBIMU TPEYroJbHUKAMMU,
KBaJIpaTaMy U MNPaBUJIbHLIMU IIECTUYrOJbHUKaMU. [10-
KaXeM, 4TO OPYTMMM PaBHBIMM IIPaBWIbLHBIMM MHOTO-
VYTOJILHUKAMU 3aIlOJIHUTh IUIOCKOCTh Henb3s. Bocmoiib-




3yeMcsl TeéM, YTO CyMMa YIJIOB MHOTOYTOJIbHUKOB,
CXOISIIMXCSI B OOHOM BepllMHE IapKeTa, IOJKHa
OBbITH paBHa 360°.

PaccMoTpuM mpaBuUIbHBIE ISITUYTOJbHUKU.
VrIbl IpaBUJILHOIO MSATUYTOJIbHMKA paBHbI 108°. B
OJHOI BepIIMHE IMapKeTa HE MOXET CXOIUThCS
TPU MPaBWIbHBIX MATUYTOJIbHMKA, TaK KaK CyMMa
yIJIOB B 3TOM ciydae Oymer 324° < 360°. Eciu xe
YUCJIO IPaBUJIbHBIX MSITUYTOJIBHUKOB OOJIbIIE WIX
paBHO 4, TO cymMMma yIJoB OymeT OoJjblle WIHU
paBHa 432° > 360°. [TosTOMy HeE CYILIECTBYET IIpa-
BWJIBHOIO ITapKeTa M3 IISITUYTOJIbHMKOB. AHajo-
TMYHO, B OJIHOI BEpIIMHE HE MOXET CXOHAUTCS
TpU WIKU OoJiee MpaBUJIbHBIX CEMUYTOJbHUKOB,
BOCBMUYTOJIbHUKOB U T.H., TaK KaK HUX YIJIbI 0OJIb-
me 120° u B cyMMe OHM OyOyT COCTaBISITh BEJIU-
yuHy, 6ojblryo 360°. [TosToMy He CyIIECTBYET
MpaBWIbHBIX MApKETOB U3 CEMUYIOJIbHUKOB, BOCh-
MUYIOJbHUKOB U T.A. Ha puc. 5 mzobpaxeH
MmapkeT M3 TpeyroabHukoB (60° + 90° +90° +
+ 120° = 360°), 4eTBIPEXyrOJbHUKOB U IIECTH-
YIOJBbHUKOB, HO OH OTJIMYaeTCsl OT pucC. 3 HaOOpOM YIJIOB; Ha puc. 6 M300-
paxkeH MHapKeT U3 IpPaBWIbHBIX TPEYroJbHUKOB M KBaapaToB. IlompoOyiiTe
HapHCOBaThb MapKeThl M300pakeHHbIE Ha puc. 5 U 6.

Paciypum crocoObl COCTaBIeHMS MApPKETOB U3 IPAaBUIbHBIX MHOTOYIOJIb-
HUKOB, pa3pelluB MCIIOJb30BaTh MHOTOYTOJbHUKU C Pa3IMYHBIM YUCIOM CTO-
poH. O6o3HaYuM 4Yepe3 o,, o, yIJbl NpaBUJIbHBIX MHOI'OYTOJBbHUKOB,
MMEIIIMX OO0ILLIYI0 BeplIrHY. PacrojiokuM MX B IOpSAKE BO3pacTaHUS. YUU-
ThIBasi, YTO CyMMa BCeX TAKUX YIJIOB JOJKHA ObITh paBHa 360°, cocTaBUM Tab-
JIMILY, COIOepxKalllyl0 BO3MOXKHBIE HAOOpHl TaKWX YIVIOB, U YKaXeM COOTBETCT-
BYIOLLIME ITapKETHI.

a, a, Oy o, O Og | o +0a,+o,;+..=360

60° 60° 60° 60° 60° 60° | Ilapker U3 TPEYroJIbLHUKOB

60° 60° 120° | 120° ITapker U3 TPEYroJbHUKOB U
LIECTUYTOJbHUKOB

60° 90° 90° 120° IMapkeT U3 TPEYroJbHUKOB, YEThIpEX-
YIOJBbHUKOB Y IIECTUYTOJbHUKOB

60° | 150° | 150° ITapkeT M3 TpeyroJbHUKOB U
JIBEHAAIaTUYTOJIbHUKOB

90° 90° 90° 90° IMapker 13 KBaapaToB

120° | 120° | 120° ITapkeTr M3 IIECTUYTOJIbHUKOB
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(13—14. KOHTPOJIbHASA PABOTA 1. PABOTA HA/JL OI]JI/IBKAMI/IU

1.

2.

JJIMHBL OBYX CTOPOH IIPSIMOYTOJIbHMKA OTHOCSTCS Kak 3:5, a ero Iie-
pumeTp paBeH 40 cm. HalimuTe cTOpOHBI MPSIMOYTOJIbHUKA.

IlepumeTp nmapanneaorpamMma paBeH 30 cm. HalinuTe cTOpoHBI mapajuie-
JIorpaMMa, €CJIM OgHa U3 CTOPOH B 4 pa3a OoJibllle JPYTOii.

B npsimoyronpHO# Tpameunuu OCTphlii yroa paBeH 45°. Halimute OoJbliee
OCHOBaHME, €CJIM MeHbllasg OOKOBasi CTOPOHA M MEHbIIEe OCHOBaHHUE
paBHBI 16 cM.

. B tpaneuuun ABCD AD — Gonbliiee ocHoBaHue. Yepe3 BepliuHy B mpoBe-

JleHa IIpsiMasi, mapajeibHas cropoHe CD u mepecekarollasi CTOpoHy AD
B Touke E, BC=7 cm, AE =4 cm. Haiigure: 1) cpeaHIo0 JUHUIO Tpalie-
Luy; 2) nepuMeTp Tpamneuuu, eciu PABE=17 cm.

TECT 1 ITpoBepnTe cebs!

OIMH M3 YIJIOB BBHIIYKJIOIO YeTHIPEXYyrOJbHMKA — IIPSIMOM, a OCTaJbHbIE
OTHOCATCs Kak 3 :4:8. HalinuTe HaMMEHBIIMI yroa YeThIpeXyrojJbHUKA.
A) 72%; B) 54°; B) 144°; ) 90°.

CKOJIbKO YIJIOB MMEeT BBIIYKJbId MHOTOYTOJbHUK, KaxKAbIA YroJl KOTO-
poro paseH 156°?

A) 10; b) 15; B) 12; I) 8.

ITepumerp mapamienorpamma ABCD paseH 32 cm, a aiuHa guaroHaau BD
paBHa 9 cm. Haiinute nepumetrp TpeyroabHuka ABD.

A) 16 cm; b) 25 cm; B) 23 cm; I') 41 cm.

Haiigute HauOONBIIMI YroJl MmapajjiejiorpaMma, €CJii CyMMa JIBYX M3 HUX
paBHa 100°.

A) 120°; Bb) 110%; B) 150%; ) 130°.

. Haiinute mepumeTrp pomba, y KOTOporo oauH u3 ymIoB paBeH 150°, a

MeHblIlIag AuaroHaib paBHa 4,5 cm.

A) 27 cm; b) 18 cm; B) 13 cm; I) 21,5 cm.
Cpennssg nunaus tpaneuuu ABCD neautr ee Ha ABe Tpanelyu, CpeaHUe
JIMHUM KOTOpPBIX paBHBI 13 cm m 17 cm. Haligute Oosbliiee OCHOBaHNE
TpaIeiuu.

A) 19 cm; b) 21 cm; B) 18 cm; I 30 cm.

CpenHsiss TUHUS MeHblIe OCHOBaHMSA Ha 5,4 cm. Haigure cymmy miuH
cpeaHell TUHUKM U OCHOBAaHMS TPEYTroJIbHUKA.

A) 13,5 cm; b) 16,2 cm; B) 10,8 cm; I 21,6 cm.
IlepumeTp paBHOGEOpeHHOU Tpareuuu 36 cm, cpeaHsas auHug 10 cm.
Haiigute nivHy GOKOBOI CTOPOHHI.

A) 10 cm; b) 8 cm; B) 12 cm; I') 13 cm.

CpenHsist TMHUS Tpaneuuyd 9 cm, OJHO U3 €€ OCHOBaHUII MEHbIE BTOPOIO
Ha 6 cm. Haiinute Gosblllee OCHOBAaHUE TPaIlELUU.

A) 15 cm; b) 18 cm; B) 12 cm; I') 10 cm.
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N3yyaem aHrmmiickmii A3bIK! n
MHoroyroJbsHEK — polygon IlepumeTp — perimeter
IIpsamoyronsHuuK — rectangle Juaronans — diagonal
Pom6 — rhombus IMapannenorpamm — parallelogramm
Ksagpar — square Tpanemus — trapezoid
BricoTa — height Vroa — angle

Hcmopuueckue ceéedenus

— B matemaruke HpeBHero Erunta u JIpeBHero BaBuioHa
paccMaTpUBAIUCh CIEAYIOIIME BUABI Y€THIPEXYTOJbHUKOB:
KBaZpaThl, MPSIMOYTOJbHUKHU, TPSIMOYTOJIbHBIE U pPaBHO-
OenpeHHble Tpamenuu. Hain BeauMkuii Mpemaok, cpeaHe-
asuarckuii yuyeHbiii A0y Paiixan Bepynm Taxke 1moapo6HO
paccMaTpuBaJl pa3MyHbIe BUABI Y€ThIPEXYTOJIHLHUKOB. B
CcBOeM couMHeHMM «KHura BpasymyaeHUs] HauaTKaM HayKu
0 3Be3nax» bepyHu cieayioliyM oO0pa3oM OTBedyaeT Ha
Borpoc: «Kakue BUIBI YeThIPEXyTOJIbHUKOB CYIIIECTBYIOT?»:
§ 54 J ; «lIlepebiii u3 Hux — Keadpam, y Komopoeo 6ce CmopoHbl
6y Paiixan Bepyﬂn DasHbvl, 6ce Yeivl npsamvle, a OudaeoHaiu, m.e. OMpe3Ku,

(973—1048) coeduHsowUe NPOMUBONOAONCHbIE Yenbl (8ePUIUHbL), DABHDL
Mmedxncdy coboil.
Bmopoii — npsamoyeonvhuk, komopelii ho cpasHeHur ¢ Keadpamom 0o.aee

BbIMAHYM, 6Ce Yeavl Npsmble, PAGHbL AUULD NPOMUBONOAONCHbIE CHOPOHbL U Ouad-
20HANU.

Tpemuii — pomo, y Kkomopoeo 6ce uemovipe CIOPOHbL PABHBL, HO PA3AUYHBI ONUHDL
duaeonaneil, u yeavl, 8 oduem cayae, He sGATIOMC NPIMbIMU.

Yemeepmotii — pombéOUd, y KOMOPO2O pasiu4ibl OUACOHAAU, A NPOMUBO-
NO0JA0JCHbIe CIOPOHBL NONAPHO DAGHDL.

Omauunvie om 5mux gueyp 4emolpexyeoabHUKU HA3b8AOMCs mpaneyusmuy»

Cno6o «quadratus> (kéadpam) B TiepeBONIe C JJAaTUHCKOTO O3HAYAET «4emblpex-
yeonbHuK». bepyHM UCIob30Bal apabCKUil TepMUH «murabba», KOTOPBIA U ObLT
repeBeieH B CpeHMe BeKa Ha JIATUHCKUI A3bIK. [10-apaObcku mpsiMOYyTOBHUK —
3TO «mustatil> — «paCTSIHYTHI».

Kak mosiBuiics TepMUH pom6b oOBSICHSIETCS MO-pa3HoOMy. B mepeBone ¢ rpe-
YECKOT0 CJIOBO «rhombus» O3HAYAET <«B0A4OK» VI <«Meno 6paujeHus». DTOT
TepMHUH BOlIEJI B T€OMETPHUIO, TaK KaK CeyeHHe BOJIUKA IOXOXE Ha poMo.
TepMmuH «muayyan» TIepeBOAUTCS C apaOCKOIO KaK «pomo».

Y bepyHu mpaneuyus Ha3BaHa KaK <«muxarrifs>, 3TO JIOCIIOBHBI MEpeBO.
«trapedzion» ¢ TpedyeCcKoro Ha apabCKUi.

TepMuH «napaisesoepamm» IPOUCXOIUT OT TPEUECKOTO CIOBO «parallelos» +
«grammos», 4TO O3HAYAET «HPAMOY20AbHAA NAOUAOL>.

IMo-apabcku napainesoepamm — 310 «mutavozi al-azla», nepeBOAUTCS KaK
«UMerwull napanieivtsie 0CHOBAHUS.
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N TJIABA II )
S COOTHOWIEHUWSI MEXIY />~

|

e ]

% 7 7n CTOPOHAMM U YIJIAMU ,;;;’___,_;*
i\ B IOPIMOYIOJBHOM  4>~°
TPEYT'OJIbBHUKE
§ 3 TPUTOHOMETPNMYECKUE ®OYHKIINN
y OCTPOI'O VIJIA

‘ 15. CUHYC, KOCUHYC, TAHTEHC 1 KOTAHTEHC
| OCTPOI'O VYIJIA

HaunHas ¢ sroro maparpaga v A0 KOHIA TJIaBbl Mbl OyleM UW3yyaTh
OOJIBIION M BaXHBIM pasfges TeoOMETPUM, KOTOPBbIA HA3bIBAETCS TPHUrO-
HomeTpuei. [T0o3HAKOMUMCS C OCHOBHBIMU ITTOHSTUSIMA TPUTOHOMETPHUM,
COOTHOUICHUSIMA MEXAY CTOPOHAMU W yIJaMyd B NPSIMOYIOJbHOM Tpe-
yroibHUKe. CJI0BO «TPMTOHOMETPHSI» — B MEPEBOJE C I'PEYECKOro si3blka 03-
HAYyaeT «M3MepeHUe TPEeyroJbHUKOB».

['maBHy10 3amayy TPUTOHOMETPUM COCTABJISIET peuleHue mpey2oabHUKOS.
TpeyroabHUK — BaxHeMIasg reomerpuueckas purypa. [ToatoMy npoaokum
u3ydyeHue TpeyroabHUKoB. OCHOBHAS 1I€1b 3TOW IJIaBbl — BbIPA3UTh OIHU
BJIEMEHTBI TPEYrOJbHUKOB (CTOPOHBI U YIJIbI) Yepe3 APYrue €ro 3JeMEHTHI.

IIyctb ABC — npsIMOYToJIbHBIM TPEYroJbHUK C @ B
npsiMbiM yriaoM C U OCTPbIM YIVIOM IPU BEpLIMHE
A, paBHbIM o; BC=a, AC=b—karetbl, AB=c — c
runoteHysa (puc. 1). a

Bo3bMeM OTHOIIEHUSI €r0 CTOPOH IOIAapHO: o .

a

—  OTHOILCHME KaTeTa, MPOTHBONEXKALIETO yI- A b ¢

Jy o, K TUIIOTEHY3E;

b

—~ — OTHOILEHNUE KaTeTa, IPUJIEXKALIEro K Yy o, K TUIOTEeHY3e;

a

5 ~— OTHOLICHME KaTeTa, NPOTMBOJIEXALUETO YIIy o, K KaTeTy mpuje-
KaleMy;

b

— — OTHOLICHME KaTeTa, NPUJIEXKALIEro K YrIy o, K KareTy HpOTHBO-
Jiexaliemy;

— OTHOLUCHHEC TUITIOTCHY3bI K KaTCTy, MNPpUJICKAILIEMY K YITIY O,

Qo o

— OTHOILLIEHME TMIOTEeHY3bl K KaTeTy, MPOTUBOJIEXKAIIEMY YTy o.

Takum 0O6pa3oM, Mbl TTOTYUYMIH 6 OTHOIICHUIA.
Takum ke o00pazoM, MOXHO COCTaBUTb OTHOLICHUSI IJI1 BTOPOTO
octporo yria (B). Haubonee mcnoiab3yeMbIMU SIBJISIIOTCSI MEPBbIE YETHIPE
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(yHKUMU, KOTOpble MMEIOT CIellMaibHble Ha3BaHUS: CUHYC, KOCHHYC,
TaHT€HC M KOTAHTEHC.

Onpenenenne 1. CHHyCOM OCTpPOro yrjia NpsiMOYTOJIbHOIO TpPEyroJib-
HUMKa Ha3bIBa€TCsSl OTHOLIEHUE MPOTHUBOJIEKAIIIETO KaTeTa K TMIIOTEHY3e.

Cunyc yriia o 0003HayaeTcsl Tak: Sino U UYMTAETCS «CUHYC anbgha».
I1o onpeneneHuto:

. a
sma =—.
c

Onpenenenne 2. KocumHycoM oCTporo yria HpsMOYrojJbHOIO Tpe-
yroJIbHUKA Ha3bIBAETCSI OTHOLIEHME TIPUJIEKAILETO KaTeTa K IMIIOTeHY3e.

Kocunyc yrina o 0003HauyaeTcsl Tak: €0So, U UMTAETCSI «KOCUHYC anbgha».
I1o onpeneneHuto:

b
coso =—.
c

Onpenenenne 3. TaHreHcoM OoCTpOro yrija MpsiMOYTOJIbHOTO TPEYroJib-
HMKa Ha3bIBA€TCSl OTHOLIEHME IPOTMBOJEXKAIIEro KaTeTa K Ipujexa-
1IeMy.

TaHreHc yria o 0003HavyaeTcsl Tak: tgo, U YMTACTCS «MAaHeeHC anbha».
I1o onpeneneHuIo:

a
tga-;.

Onpenenenne 4. KoraHreHcoM OCTpPOro yrjia IMpsSIMOYTOJIbHOTO Tpe-
yroJIbHMKa Ha3bIBa€TCsl OTHOIICHME MpUJIeXkallero kKarera K IPOTHBO-
Jiexaitiemy.

KotaHreHc yrima o oOo3HayaeTcs Tak: ctgo W YUTACTCS <«KOMAH2eHC
anvpar.
I1o onpeneneHuto:

b
ctgo = —.
g a

ITockoJbKY KaTeT IMpSIMOYTOJbHOTO TpPEYroJbHMKA MEHbIIE TUIOTe-
HY3bl, TO CHHYC U KOCUHYC OCHPO20 Y2Aa MeHblule

eOuHuybL. @ B

B npsMOyrojbHOM TpeyroJibHHUKE MOTYT OBbITh paB-
Hbl KaTeTbl, OJWH M3 KAaTeTOB OOJIbIIE IPYroro Win
MeHblIe apyroro. IlosToMy, 3HaueHMs TaHIeHca | &
KOTaHI€HCA MOXET ObITh MeHbue eOuHuubl, pasHo eou-
Huue u Ooavuie eOUHUUDL.

3anaua. B tpeyrombnauke ABC 2C=90°, AB=10 cm,
BC=8 cm, AC=6cm (puc. 2). Haiinute 3HaueHus
TPUTOHOMETPUUECKMX (PYHKLIMI yriia A.
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Pewenue. 11o onpeneneHuIo;

BC 8 48 4 1
= e— T — * t :_:_:1_.
sind =—=1=0,8; g4 A
AC 6 6 3
R tgd=-—2==-=0,75
cosAd=2r=15=06; ctgd 7, oa =075
1

Omeem: sinA=0,8; cosA=0,6; tgd=1=; ctgd=10,75.

3

Bonpocst, 3a0auu u 3adanus

1) Kakue OTHOIICHMSI MOXHO COCTAaBUTb M3 CTOPOH IIPSIMOYTOJBLHOTO

TPEYroJbHMKA U KaK OHU YUTAIOTCS?

2) Yto Ha3bIBaeTCsd CUHYCOM, KOCMHYCOM, TAHT€HCOM M KOTaHIC€HCOM

OCTPOTO yIJIa PSIMOYTOJIbHOTO TPEYroJbHMKA M KaK OHM 00O3HayaloTcs?

Omnpenenure, Kakasi TpUTOHOMeTpUYecKass yHK-

1us yria K BeIpaxaercs 1poobto (puc. 3): @ M
KN MN MN KN

a)mé 6)ﬁ; B)W; F)W?

B AABC 2C=90°, AB=6 cm, BC=15 cm,

AC= V11 cm (cm. puc. 1). Haiinnte sHauenms | N

CHUHYyca, KOCMHYyCa, TaHI€HCAa M KOTAHTeHCa YT-

JoB Au B.

MOXeT I CMHYC OCTPOIO yIjia MPsSMOYTOJIbHOIO @ N

TPEYrOJbHMKA OBITh PABHBIM:

a) 0,98; 6) V2 ; B) V/5-2?

B npsamoyronbHOM TpeyroabHuke MNL sin N = %. I

Kakue cTopoHBI TpeyrojbHUKAa MOXHO HAWTH U3

3TOro paBeHcTBa (puc. 4)?

B tpeyronbnuke MNL 2L =90°, MN=13 cm,

ML=12 cm, NL=5 cm (puc. 4). Haiinute | M

3HAYEHUSI CUHYyca, KOCMHYyCa, TaHTeHCca U KOTaH-

reHca yriaa M.

B tpeyronbauke ABC £C=90°, AB=17 cm, BC= 8 cm, AC=15 cm.

Haiinure 3HaueHus1 cuHyca, KOCMHYyca, TaHI€HCa M KOTaHIeHCa YIJIOB

Au B.

3HATh 3TO MOJE3HO!

Q «Cunyc» — namuHckuil nepegod apadckoeo cao8a «0xcaib» — nazyxa,
8bipes naamos. Imo c1060, 8 c60i0 oepedsb, NPOUCXOOUM OMm UHOUCKO02O
«OJCUH@» — memuea AyKa, Xopoa, a UMEHHO 6 OPeBHUX UHOelCKUX
Mamemamu4ecKux mpaKmamax.

O «Tanzenc» — 6 nepesode ¢ AAMUHCKO20 <KACAMENbHDBIL .

O «Kocunyc» u «komanzec» — om AAMUHCKO20 <KOMHAUMEHMAPYU CUHYC»> U
<KOMAAUMEHMAPU MAHSEHC» — «OONOAHUMEAbHbI CUHYC» U <«OOMOAHU-
MeAbHbILL MAH2EHE».
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16. CUHYC, KOCUHYC, TAHTEHC 1 KOTAHTEHC
OCTPOI'O YIJUIA (ITPOJOJIZKEHUE)

1. TpuroHomeTpryecKue (PYHKIMM OCTPOrO YIJia.

IlokaxeMm, 4yTO B MPSIMOYTOJBLHOM TPEYTOJbHUKE CUHYC, KOCUHYC, TaH-
IF€HC U KOTAHT'€HC OCTPOTrO YIja 3aBUCSAT TOJbKO OT BEJIMYMHBLI OCTPOIO yIjia
U HE 3aBUCST OT BbIOOpA MPSIMOYTOJIbHOTO TPEYroJbHUKA.

Ilycts mpsiMmoyrojibHble TpeyrojbHuku ABC [~ B
n A B C (£LC=2C, =90°) uMeroT paBHbIE OCT- @ B
poie yribel A u A, (puc. 1). 1

ITo 0OCHOBHOMY CBOICTBY IPOIIOPILIMU:

BC BC,  AC _AC, BC BC, AC _AC, %

A8 " ABC AB 4B AC_ AC,’ BC Be, AW ¢ ¢

IlpaBast 1 neBasi yacTU 3TOro paBeHCTBA IO
OIpeJeICHUIO PaBHbI CMHYCaM, KOCUHYCaM, TaH-
reHCaM U KOTaHIeHCaM OCTPBIX YIVIOB A U A,.

3Ha4uT,
. BC B . BC B
A== =1 _ A ted =—— =1L _to4
sind =—mp =g ~Sind, ted=om=oe=ted,
AC AC AC AC
cos 1B = AR, cos 4, ctgA BC =BG, ctgA,

Ortciloma BUAHO, CMHYC, KOCMHYC, TAHI€HC M KOTAaHT€HC OCTPOro yria
A He 3aBUCUT OT BbIOOpa TpeyrojbHUKa. Eciaym 3HauyeHue OCTphIX YIJIOB
U3MEHUTCSI, TO U U3MEHSITCSI COOTBETCTBEHHO 3HAYEHUSI STUX COOTHOLIECHUA.

Takum oOpazoMm, TpUroHOMeTpUYEeCKHe (PYHKIIMM OCTPOro yrjia 3aBHCAT
TOJIbKO OT BEJWYMHbI YIJiA.

CuHyc, KOCMHYC, TAHT€HC M KOTAHI€HC Ha3bIBAlOT mpuzoHomempu4ec-
KuMu (yHKUuAMuU 0cmpoz0 y2ia.

HMwmeer MecTo ellle oiMH BaXXHbIN (akT:

ecau 3HA4eHus HeKOmopol mpuzoHOMempu4eckoi (ynkuyuu 041 ocmpoix
yeaoe A u A, paeuwt, mo LA = ZA,.

HNHaue roBopsi, kaxucoomy 3Ha4eHur0 mpuoHoMempu4eckoi QyHKyuu
coomeemcmeyem eOUHCMGEHHbIE 0CmPbLil Y20a.

2. BoipaxkeHue TaHreHCa W KOTAHTeHCA Yepe3 CHHYC M KOCHHYC.

HenocpeactBeHHO M3 onpeAeeHrii CHHyca 1 KOCMHYCa UMEEM:

sin o a b a c a sin o

= =_-_=_=t = .
cosa c c c b b ga, T.e. tgo. cosa ’ (1)
sina ¢ ¢ ¢ a a sin o

Taneenc ocmpoceo yena paeeéH OMHOUIeHUNO CUHYCA K KOCUHYCY 9mo0oeo yead.

Komanzenc ocmpoeo yena pasen omHOwleHUr0 KOCUHYCA K CUHYCY 5MO20
yena.
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YMHOXUM nowieHHO paBeHCTBa (1) u (2), moaydum:
tgo-ctgo = — — =1 < tga-ctga =1. (3)

3HAuUT, MPOM3BEACHUE TAHreHCA M KOTaHreHca JisS OCTpOro yrjia
O PaBHO eJMHHIIE.

Ortcrona ciaeayeT, YTO TaHI€HC M KOTAaHIE€HC IJisd OCTPOro yrjia o SIBJIsI-
I0TCSI B3aMMHO OOpaTHHIMU (DYHKIIUSIMMU.

TakuM o0Opa3oM, Mbl BbIBEIM TPU HOBBLIX paBeHCTBA (TOXKIECTBa), KO-
TOpbIE BbIpaxkaloT 3aBUCUMOCTb MEXIY TPUTOHOMETPUUYECKUMU (PYHKIIUSIMU
OCTpOTroO yIJia a.

3. CooTHOmEHHS MeXAY CTOPOHAMM H YIJIaMM B NPSIMOYTOJbHOM Tpe-
yroJjibHHKe.

M3 onpeneneHusi TPUroOHOMETPUUYECKUX (DYHKIIMI BbITEKAET:

Ilpasuno 1. Karer, mpoTHBOJIEXAIMIA YIJIYy o, paBeH MNPOH3BeIEHHUIO
rMNOTEHY3bl Ha Sino:

a=csina.

IIpasuno 2. Karer, mpoTuBOJeXAamMid YIJIy o, paBeH NPOU3BEIECHHIO

BTOpPOro Karera Ha tgo:
a=btgo.

IIpasuno 3. Karer, npuiexamuid K yriy o, paBeH NPOU3BEIEHHIO TMIO-

TeHy3bl HA COSOL:
b= ccosa.
IIpasuno 4. Karer, npunexamuii K yrjiy o, paBeH OTHOIIEHHIO BTOPOTO

KaTreTra Ha tgo:
_a
=
IIpaBuno 5. I'MmoTeHy3a paBHA OTHONIEHMIO KaTeTa, MPOTHBOJIEKAMEMY
YIJay o Ha sino:
a
sina,
IIpaBuno 6. I'mmoTeHy3a paBHA OTHOIIEHHIO KaTeTa, NpUJekKameMy K
YOIy o HA cosa:

cosa '
3anaya. B tpeyronbHuke ABC yron C paseH 90°. Buruucnure: 1) miu-

Hy Kateta BC ecim AB=18 cm u sin 4 =%; 2) niuHy katera AC, eciu

AB=9 cm u cosA =%; 3) mauHy runoteHy3bsl AB, eciu AC=15 cm u
13

cos A = %; 4) nnmuny karera AC, ecitu BC=26 cm u tgA = =

Pewenue. 1) ctionbdys npaBuio 1, Haxoaum KateT BC:

BC = ABsin A = Gw-/gi _ 6 (cm).
Omeem: 6 cm. :
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2) Ucnonw3ys npaBwio 3, HaxonuM kareT AC:.
AC = ABcosA=9-2=—-=2_ (cm).

Omeem: 2; cm.
3) Mcnoman3ys npaBuiio 6, HAXOAUM TUIIOTeHY3y AB:
_AC _15.3_35.85 _3.6-
AB=——=15:%2= 1551 =3.6=18 (cm).
Omeem: 18 cm.
4) Ucnonw3ys npaBuio 4, HaxonuM kareT AC:.
_BC e B a9 15 5 152
AC_—_26.15_ 26 7 =2-15=30 (cm).

tgA
Omeem: 30 cm.

Bonpocst, 3a0auu u 3adanus

. Onpenenure, Kakue W3 JaHHBIX PABEHCTB BEpPHBI

. MoxXxeT 1M TaHreHC OCTPOro yrja MpsIMOYIOJbHOIO

. B tpeyronbHuke ABC yron C paBeH 90°. Bbruucnure:

1) Uto Ha3bIBAIOTCSI TPUTOHOMETPUUECKUMU DYHKIMUSIMU OCTPOTO yrja?
2) Ot 4ero 3aBUCUT BeJIMYMHA CHUHYyCa, KOCMHYCa, TaHIeHca U KO-
TaHreHca?
3) Kak MOXHO BBIPa3UTb TAHMEHC M KOTAHIE€HC OCTPOro yrja 4epes
CUHYC M KOCHMHYC TOTO Xe OCTpOoro yrja? 3anuIluTe COOTBETCTBYIOIIME
(hopmybl.

(puc. 2). O6ocHyiiTe OTBET. 4 @

a

a) ¢ = ; B) c=atgo; 4

sin a.

— 3 . — b
0) b= csina; r) a= o b c

TPEYroJIbHUKA ObITh PAaBHBIM V25 0,001; 1002 O60c- B
HYWATE OTBET. C a B

1) xarer AC, eciu BC=10 cm u tg4 =§;
2) runoteny3y AB, eciu BC=8 cm u sind = 0,16.

. BoiBenute 6 OTHOIIEHUIT MeEXAy CTOPOHAMM U YIJIAMU B TIPSMO-

YyrOJIbHOM TpeyrojbHuKe st yriaa B (puc. 2).

. B tpeyroabauke ABC yron C paeH 90°. Bbluuciaute IJIMHY TUIIOTE-

Hy3bl AB, eciu BC=4 cm u sind = 0,25.

. B tpeyronbHuke ABC yron C paeH 90°. BbluuciuTe IJIMHY TUIIOTE-

Hy3bl AB, eciu AC=2 cm u cos4d = 0,4.

. B tpeyronbHuke ABC yron C paeH 90°. BbluuciuTe AJIMHY TUIIOTE-

HY3bl AB, ecitu BC=14cm u cos B = %
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S 4. TEOPEMA IHU®ATOPA Y EE IPUMEHEHUE

[ 17. TEOPEMA IIM®ATOPA U EE JOKA3SATEJIBCTBO ]

1. Teopema Ilucdaropa — oaHA K3 BaXKHEHIIMX TEOPEeM reOMETPHH.

O4yeHb MaJlo CBEACHUI COXPAHUJIOCh B MCTOPUM O XU3HU BEJIUMKOIO
rpeyeckoro Mmatematuka Iludaropa. M3 npeBHerpeyeckux MCTOUYHUKOB HaM
M3BECTHO, 4YTO MaTeMaTtuku 1ukosabl [ludaropa npu moxkazaTenabcTBax
TEOpEeM M pelIeHUM 3alay 3aHMMaJIUCh KilacCUpUKaLMe TreoMeTpUYECKUX
uryp u 3amMeHOl NPSIMOJMHENHbIX (DUTYP Ha PaBHOBEIUKUE UM (DUTYDHI.
B uvactHocTH, Benuk Bkiaan Ilucdaropa m mMareMaTHKOB €rO IIKOJbI B MpHU-
MEHEHUM TeOMeTpuM KakK Hayku. Huke mnpuBoauMTCcsi TeopeMa, KoTopas
Hocut ums Iludaropa.

Teopema.

(Teopema Ilughacopa.) B npsIMOYroJIbHOM TpeyroJibHUKE KBAaApaT
THIOTEHY3bl PABEH CyMMe KBAaJpaTOB KATETOB.

DTa TeopeMa MOKa3bIBA€T CBSI3b MEXIY
IUIOLIAASIMU KBaJpaTOB CO CTOPOHAMM, paB-
HbIM CTOPOHAM IIPSIMOYTOJIbHBIX TPEYroJib-
HukosB. [ludarop npemnoxun teopeTuyec-
KOe OO0OCHOBaHME 3TOr0  YTBEPXKIACHMSI.
YacTtHble ciiyyaum TeopeMbl ObLIM W3BECTHBI
B [HpeBHem Erunte u BaBuioHe, HO MMEH-
HO 1ukojoil Iludgaropa ObL1a gaHa oOIas
(opmynpoBKa TEOpPEMBI.

Ilyctb maH TNpSIMOYTOJIbHBIA TPEYroJib-
HUK ABC ¢ kateTaMu a U b, U TUIIOTEHY30i1
c. Torma yrBepxneHue teopembl [ludaropa
MOXHO BBIpa3suTh (OPMYI0M

c=a’+ b, (D)
rae a2, b?, ¢ — miolagd KBaapaToB cCO cTopoHamu a, b, c¢. [loatoMy 3TO
PaBEHCTBO O3HAYyaeT, YTO IJIOHAJb KBAJApPaTa, MOCTPOEHHOI0 HA IMIIOTEHY3e,
paBHA CyMMe IUIOIIA/Iel KBAJPaTOB, MOCTPOEHHBIX Ha KaTeTtax (puc. 1).

2. Jloka3areabcTBO Teopembl Iludaropa

yepe3 KOCHHYC OCTPOTO yIJa. C
Lokazamenvcmeo. Ilycts ABC — npsiMo- ‘@

VTOJIbHBIN TPEYTOJBbHUK C TIPSIMBIM YIJIOM =

C. Ilposegem BwicoTy CD U3 BepLIMHBI

npsimoro yriaa C (puc. 2).
Ilo ompeneneHuo KocuHyca yrima A u3 \o

MPSIMOYTOJIbHBIX TPEYTrOJbHUKOB ACD u | 4 D B

ABC umeeM:
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cos A =42 _A¢
AC  AB°

Orciona AD - AB= AC? (2).

AHaJIOTUYHO, MO OIpeAeICHUI0 KOCHHYyca yrja B U3 IpSIMOYTOJbHBIX
TpeyroibHUKOB BCD u ABC, umeeM:

BD BC
cos B = BC- A8

Orcrona BD - AB= BC? (3).

CkianpiBasi ToJiyyeHHble paBeHCTBA (2) u (3) MOWIEHHO W Yy4YUTbIBas,
AD + DB = AB, nonyyum:

AC?>+ BC*=AB-AD+ BD- AB= AB- (AD + BD) - AB= AB>.

TeopeMa mokaszaHa.

O0603HaUYMM CTOPOHBI MPSIMOYTroJibHOTO TpeyrogbHuka ABC (£ C = 90°)
cootBeTcTBeHHO a = BC, b=AC, ¢c=AB. Torna B cuny Teopembl Iludaropa
OyzneT uMeTb MecTo (popmyJia:

cl=a’+ b

3. Jloka3zareancTBo Teopembl Ilndaropa yepe3 cpoiicTBa miomaaeii.

PaccMoTpuM TNpsIMOYTOJIBHBIM TPEYroJbHUK C KaTeTaMu a, b U TUIore-
Hy3011 ¢. Jlokaxem, 4To

a’+ b2 = cl.

Jlokazameavcmeo. TlocTpouM Ba paBHBIX KBaapaTa, CTOPOHbI KOTOPBIX
paBHbIL: a + b. Pa3zaenuM ero Ha 4yacTu, COCTOSIIIME U3 MPSIMOYTOJbHBIX Tpe-
YTOJIbHUKOB, KBaapaToB U mpsiMoyroyibHUKa (puc. 3). I[lokaxeM, 4yTo 3TOT
YEeThIPEXYrOJbHUK — KBajapaT CO CTOpPOHOM c¢ (puc. 3, a). [JdeicTBUTEIbHO,
BO-TIEPBbIX 3TOT YETHIPEXYTOJbHUK SIBIISIETCS POMOOM, TaK KaK CTOPOHbI
y HEro paBHbl TMIIOT€HY3€ ¢ MPSMOYTOJIbHOTO TPEYroJibHMKa C KaTreTamMu a
u b. IlokaxeM, 4TO yrojl X Ha pUCyHKe npsiMoii. JlelicTBUTeNbHO, £X + £1 +
+£ 3=180°, £3 =42 (TaKk KaK TpeyroJbHUKU paBHbl) U L1 =90° - £2, cie-
noBatesibHO: /x=90°. [1oaTOMy JaHHBI YETHIPEXyrOJbHUK — POMO, OIUH
U3 yrioB KoTtoporo paBeH 90°, T. e. kBaapaT. Tak kak oba OOJbLINX
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A 5cm B A @
og “._xcm o B
%, < (\Q
cm C D 1 cm C

KBaJpaTa paBHOBEJIMKH, T.€. UX IUIOIIAAM PaBHBI, TO IUIOLIAIb IIEPBOrO, PaB-
Ha 48, +c?, paBHa IUIOIIAAM BTOpOro, paBHoOWl 4S,+ a2+ b*> (puc. 3, 0).
Otkyna,

4S5, +c2 =4S, + a*> + b2

3HauuT, c?=a?+ b2 Teopema mokasaHa.
3amaua. HalinuTe HEM3BECTHYIO JUIMHY OTpe3Ka Ha puc. 4.
Pewenue. 1) ANABC — npsiMmoyroibHbiii, £ B=90° (puc. 4). 1o Teopeme

Mudaropa: x2=5"+ 3>, orkyna x* =34 = x =34 (x> 0).

2) AACD — npsimoyroabHbiii, £ CAD =90° (puc. 4). I1o teopeme Iluda-

ropa, y> + (\/ﬁ)2 =77, otkyna y2+34=49, y2=15, y = J15 (y>0).

'~

Omeem: x =~/34 cm; y = JI5 cm.

Bonpocst, 3a0auu u 3adanus

1) Kakue nokaszarenbctBa Teopembl [ludaropa Bbl 3HaeTe?

2) Yto BBl INOHMMAaeTe MOJ BbIPAXKEHUSIMU <«KBaapaT TUIIOTEHY3bI»,
«KBajJpaT KaTeTa»?

B mnpsiMOyrosbHOM TpeyrojibHMKE 3adaHbl KaTeThl a u b. Haiinure
TUIIOTeHY3y ¢, eciu: 1) a=5, b=12; 2) a=4\/§, b=7; 3) a=0,7,

. _ . _ i 12
b=2,4;4)a=5,b=6;5) a= 3 b—ﬁ.
Ykazanue. Boruucaure runoTeHy3y, UCIOJb3Yys (popmyJy:
c=va’+b.
Haiinure nepumerp pomba, €Cyd €ro 1MaroHajyu paBHbI:
1) 12cm u 16 cm; 2) 14 cm u 48 cm.

4. Haiinute HEM3BECTHYIO IJIMHY OTpe3Ka x (puc. 5).

B npsgMoyroibHOM TpeYroJibHUKE @ U b — KaTeThl, a ¢ — TUIIOTEeHY3a.
Haiinurte b, ecm: 1) a=1,2, ¢c=1,3; 2) a=7, ¢c=9; 3) a=1,5, c=1,7;
4) a=2,c=25.

HaiinuTe nparoHanb NpSIMOYTOJIBHUKA, €CJIM €TI0 CTOPOHBI PaBHHBI:

1) 24dmu 7 cm; 2) 50 cm u 12 dm; 3) §dm u 1,5 m.
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C 18. TEOPEMA, OBPATHA{I TEOPEME ITN®ATOPA D
y g

1. HekoTopble HemocpeacTBeHHbIE ceacTsusa u3 Teopemnl Iludaropa.

n3

HEMTOCPCACTBCHHBIX CJIICICTBUIA TCOPEMBI

Cnencreue. B mpAMOYrojibHOM TpeyrojibHHKe JIIO0OH KaTeT MeHbIe

PaccmorpuM  ogHO
ITudaropa.
THIOTEHY3bl.
4 ()
=
C B

Jlokazamenavcmeo. NABC — TIpSIMOYToOJib-
Hblii, ZC=90° (puc. 1).

JlokaxeM, 4yTo 1000 KaTeT MEHBIIE T'U-
MOTEHY3bI.

HeucrBurenbHo, o Teopeme Iudaropa:

AC?=AB*- BC? u BC?=AB*>- AC.

Otkyna AC?>< AB*> u BC*< AB.

3Hauut, AC< AB u BC< AB.

CnencrBue nokKa3aHo.

2. Teopema, oopaTHas teopeme IImdaropa.

Teopema.

Ecam KBajpar omHOii CTOpPOHBI TPEYroJbHHKA paBeH CyMMe KBaj-
PaToB JABYX JPYTMX CTOPOH, TO TPEYTrOJbHHK — MPSAMOYTOJIbHBIIA.

Jokazamenvcmeo. Ilycts B TpeyronbHuke ABC AB?=AC? + BC>.

Hokaxem, yto ZC=90° (puc. 2). PaccMOoTpuM NpsIMOYTrOJIbHBIN Tpe-
yroibHuK A,B,C, ¢ npsmbim yriom C,, B kotopoM A,C,=AC un B,C,= BC.

A

2

ITo Teopeme Iudaropa A, B} = A,C + B,C},
u, 3HauuT, A, B} = AC*>+ BC".

Ho AB2=AC?*+ BC? 1o ycjlOBHIO T€O-
pembl, 3Hauut, A, B} = AB2. Otkyna ciemyer,
yro A,B,=AB. Takum 006pa3om, TpeyroJyb-
Huku ABC u A,B,C, paBHBI IO TpeM CTO-
poHaM. Iloatomy ZC=2C|, T.e. Tpeyrojib-
HUK ABC TpsIMOYroJbHBIA C TPSIMBIM YT-
nom C. Teopema nokaszaHa.

3anaya 1. CTOpOHBI  TpeyrojibHMKA
paBubl: 1) a=5, b=11, ¢=12; 2) a=+/85,
b=7, c=06. SIBnsieTcss M 3TOT TPEYroJbHUK
MPSIMOYTOJbHBIM?

Pewenue. 1) Bpruucium cymMmy KBaj-
paToB BYX HaMMEHBILIKUX CTOPOH:
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524+ 112=25+ 121 = 14e.
Ternepb BLIMUCINM KBaapaT HanGoIbLIEH CTOPOHbI: 122 = 144,
CpaBHUBasl MOJyYEHHbIE PE3YILTAT, UMeeM a’ + b? # ¢2. 3HauuT, Tpe-
YIOJIbHUK He SIBJISIETCS MPSIMOYTOJIbHBIM.
Omeem: ipu a=35, b=11 u c¢=12, He OyneT NPSIMOYTOJIbHBIM.
2) BpluuciauM cyMMy KBaapaTOB IBYX HaMMEHBIIIMX CTOPOH:

72+ 6*=49 + 36 = 85.

2
Teneppb BBIUMCIMM KBaapaT HaUuOOJIbIIENH CTOPOHBI: (\/85) =85.

3naunt, 85=85 — cnpaBemmBo. B pesyabrare umeem b’ +c?=a’.

OTtkyna jaenaeM BbIBOJ, YTO 3TOT TPEYTOJbHUK — MPSIMOYTOJIbHBINA.

Omeem: a=~/85, b=7 1 ¢ =6, TPeyroJbHUK TPSIMOYTOIbHBIIL.

3. IlepneHauKyJisAp U HAKJIOHHAS.

Ilycth Touka A He JexuT Ha npsimoit [, AC — meprneHauKyasp K 9Toi
npsiMoii. JIro6oil OTpe30oK, COeAMHSIIOIIEH TOUKY A ¢ TOUKOM MpuHaIiexa-
e mnpsiMoil / M He COBMNaJalollel C MNEepPHeHAUKYJISIpOM, Ha3bIBalOT
Hakaonnoi X nipsmoii [ Ilo ompeneneHuto, KpaTdaillliee pacCTOSIHUE OT
TOukKu A no npsimoii [ Oynmer paBHO iMHE nepnendukyaspa AC, omny-
LLIEHHOI0 U3 TOUuKu A Ha mpsimyio / (puc. 3).

JleiicTBUTEILHO, MIJISI KaxXaoi Touku Bel
TpeyrobHUK ACB — mnpsiMmoyrojibHbiii, rae AC @ 4
u CB — karethl, a AB — rumnoreny3a. OTpe3ok
CB Ha3blBalOT npoexuyuel HakaonHou AB Ha
JaHHYIO MPSIMYIO /.

Teopema Iludaropa cBs3bIBacT MIMHY HaK-
JIoHHOI1 AB, nepneHaukyjassp AC U OpoeKLuu
CB pasenctBom: AB>= AC?+ CB>. O

I[Mostomy e6cecda AB>AC wiu AB> BC, | C B I
WHaye TOBOpsI, HMepneHOUKyaap Kopoye HAaKAOH-

HOUl, NPOBEOeHHOU U3 MmOl Jce MmMOYKU WIN A00as HAKAOHHAS 0oabule
nepneHouKyasapa u 6oavuie ceoeli NPoeKyuu Ha OAHHYH NPIMYIO.

Tak ke, paeHbie HAKAOHHbIE UMEOM pasHvle NPOeKyuu; U3 08yX HAaK-
JNOHHBIX O0abUle ma, KOomopas umeem O0AbULYIO NPOEKYUIO.

3anaua 2. Haiigure cTopoHBl poM0Oa, eciiu ero guaroHanau paBHbBI 10 cm
n 24 cm.

Pewenue. Bocrionbp3dyemMcss TeM, YTO AWMAaroHaJIM poMOa TepreHINKYIIsIp-
HBbI 1 TOYKOM TepecedyeHus AeIaTcs momnosaM. Torma cTopoHbl poMOa sIBJIs-
IOTCSI TUIIOTEHY30i TIPSIMOYTOJILHOTO TPEYroJbHUKA C KaTeTaMu 5 c¢cm u
12 cm.

524+ 122=25+144=169, 1.e. 169 = 132

3HauuT, cTopoHa pomba paBHa 13 cm. Omeem: 13 cm.
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1.

Bonpocst, 3a0auu u 3adanus

1) Chopmynupyiite Teopemy, oopaTHyto Teopeme Ilugaropa.

? 2) Yro BBl MOHMMaETe MOJ BbIPAXKEHUEM IPOEKLMUsI HAKIOHHOM Ha

2.

. BAABC AB=13 cm, BC=20 cm, BD —
@

npsimyto? BepHoO Jiv, 4TO KaTeT MEeHbIlIe TUIIOTEHY3bI?

MoxXeT 1 NpPSIMOYTOJbHBIM TPEYroJbHUK HMETh CTOPOHBI paBHBIC:
I)11cm, 7cm, 17 cm; 2) 3 cm, 1,6 cm, 3,4 cm; 3) 3 cm, 4 cm, 6 cm;
4) 2 cm, 7 cm, V11 cm? B kaxmom cirydae 06OCHYITE OTBET.

BbICOTA TpEYrojibHWUKA, M OHa paBHa
12 cm. Berumcaure JUIMHBI TPOEKIIMIA CTOPOH
AB, BC Ha ctopoHy AC 1 JJIMHY CTOPOHBI
AC (puc. 4). 3anoJHUTE MPOIYCKHU.

Pewenue. NABD n ABCD — npsimo- —

YTOJIbHBIE, TaK Kak ZADB=/BDC=90". | 4 D C

IIpoexkuusimu cropoH AB u BC Ha cro-

poHy AC, COOTBETCTBEHHO SIBJISIIOTCS OT-

pe3ku AD u CD.

ITo teopeme Iludaropa u3 tpeyronbHuka ABD, umeeM:
AD*= AB*— BD*= 13— .2=..— .= .. (cm).

Otciona AD=... cm.

I1o teopeme Iludaropa u3 TpeyroabHuka BCD, numeeM:

CD?>=BC?>—BD*>=.2—12*=..—..=.. (cm).

Orcionpa CD=..cm. AC= ..+ DC= ..+ ..=..(cm).
Omeem: AD=...cm, CD=...cm, AC= ... cm.

. HaitnuTe HemsBecTHy10 MuHY (puc. 5—06).
. IBe CTOpPOHBI MPSIMOYTOJBHOIO TPEYrojbHUKA paBHBI 6 cm U 8 cm.

Haiinure niuny TpeTbeit cropoHbl. CKOMBKO pelleHrit nMeeT 3agada’?

MoxXeT 1 NpSIMOYTOJbHBIM TPEYroJbHUK HMETh CTOPOHBI paBHBIC:
1)a=12, b=35, ¢=37; 2) a=11, b=20, ¢c=25; 3) a=18, b=24,
c=30;4)a=9, b=12, c=15? B KaxnoM ciiyyae 00OCHYIATe OTBET.

(5) B (6) 4 5cm B
6
%y\ X \&o o
K balo
il &
xcm D C C
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[ 19. IPUMEHEHUE TEOPEMbI ITU®ATOPA ]

Haxoxnenune BbICOTHI TPEYroJIbHUKA MO TPEM CTOPOHAM.

PaccmorpuM TpeyronbHUK ABC co cropoHamu a, b u c. Haiinem
BoicoTy CD = h_, onyuieHHyo u3 BepiunHel C Ha cTopoHy AB (puc. 1, a).

PaccmaTtpuBatoTcss Tpu ciiydass B 3aBUCUMOCTH OT PacCIOJIOKEHUS
OCHOBaHMSI BbICOTBI D Ha cTopoHe AB.

Cayuaii 1. Tlyctb Touka D — BHYTPEHHsISI TOYKa oTpe3ka AB M aavHa
AD=x, torna muHa DB=c-x (puc. 1,a). AADC u ABDC — mnpsiMo-
yroyibHble, 1 110 Teopeme Iludaropa:

h?=b>-x> (1) u h?=a>-(c-x)* (2).

Otkyma: b2—x? =a?-(c—x)~

CrnenoBaTeibHO,

b2—x2=a?-c*+2cx—-x2, T.. b2=a?—c?+2cx.
M3 nocnegHero ypaBHeHUsI HAXOAUM X:
et -a 2 (b2+c2—az)2
X=——0—— wm x*'=2""-_"7
2¢ 4¢°
IToncraBuB 3T0 3HaYeHWe X 2 B paBeHCTBO (1), umeem:
hc2 e (b2 +622—a2)2 _ 4b%c? —(bz-znrcz—az)2 .
4c 4c

PaznoxuB uuciauTeab 3TON ApoOM Ha MHOXHUTEIU, IOJYy4YUM Clie-
nyoliee:

(21’0—(1)2 +c? —az))(2b0+(b2 +c —02)) (2bc—b2 ~c?+d )(2bc+b2 +c? —az)

n = -

¢ 4¢? 4¢?
[Tpeobpasyem cienyroimm oopa3zomM 06a MHOXKUTENS B YUCIUTEIIE TTOJTY-
YEHHOI'O BBIPAXKECHMSI:
2bc - b*-c*+a*=a*-(b-c)’=(a-b+c)a+b-c) n
2bc+ b*+ 2 - a?=(b+c)*-a*=(b+c—a)b+c+a).

Tornma
W= (a-b+c)a+b-c)(b+c—a)(b+c+a)
¢ 4¢? ’
DI: ¢ c
a
y ' h| b\ a b h=a
X u c—Xx X c I
A D ¢ B D A B A c B=D
a 7 6
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13 9TOro

h, =%\/(a+b+c)(a—b+c)(a+b—c)(b+c—a).

O003HaUMB MOJYIIEPUMETP TPEYTOJIbHUKA Yepe3 p, TOIYUUM:
a+b+c=2p,
a-b+c=a+b+c-2b=2p-2b=2p -b),
a+b-c=a+b+c—-2c=2p-2c=2p - o),
b+c—-a=a+b+c-2a=2p-2a=2p - a).
IMomyyeHHbIe BBIpAXKEHMSI TOICTABMM BMECTO BBIPAXKEHMM, CTOSIIIUX
MOJ KOPHEM, U TOJIyYUM:

h. = %J16p(p —a)(p-b)(p-c) = % 4p(p-a)(p-b)(p-c) =

2
==Jp(p-a)(p-b)(p-c).
TakuMm xe obpazoM,

h=2Jp(p-a)p-b)p-c) u h=2Jp(p-a)p-b)(p-c).
a b

Caywai 2. Touka D JeXUT Ha NPOJNOJDKEHUM OTpe3kKa AB, To ecThb
DB=c+x. I B 5TOM cJlyyae NOJYyYUM paHee WU3JIOXECHHBIA pe3yJabTar
(puc. 1, 6).

Cayuaii 3. Touka D coBnagaeT ¢ TOUYKO B, TO eCThb BbICOTa COBIAHaeT
C KareTtoM, /= a. B 3TOM ciydae TpeyrojibHMK OyJIeT NpsIMOYTOJIbHBIM (puc. 1, 6).

Bonpocst, 3a0auu u 3adanus

1. Haiinute BbICOTBI TpeyrojbHuka co ctopoHamu: 1) 10 cm, 10 cm,
12cm; 2) 17 dm, 17 dm, 16 dm; 3) 4 dm, 13 dm, 15 dm.

2. Haiinute CTOpOHY PaBHOCTOPOHHEIO TPEyroJbHMKa, BbICOTA KOTOPOTO
paBHa h.

3. Haiinute BBICOTY, OMYILIEHHYIO Ha OOJIBIIYI0O CTOPOHY TpPEYroJbHUKA,
€CJIM €ro CTOPOHBI paBHBL: 1) a=5cm, b=7 cm, c=6 cm; 2) a=13 dm,
b=14dm, c=15dm; 3) a=24 cm, b=25cm, c=7 cm.

4. Haiinurte: 1) BbICOTY PaBHOCTOPOHHEIO TPEYroJibHUKA, €CIU €ro CTo-
poHa paBHa 12 cm; 2) CTOpOHY PaBHOCTOPOHHEIO TPEYroJbHUKA, €CIU
ero BbICOTa paBHa 15 cm.

S. Haiinute HauOOJBIIYIO M HAWMEHLIIYIO M3 - @
BBICOT TPEYrOJbHMKA, CTOPOHbI KOTOPOIO
paBHbl a=8 cm, hb=10cm u c=12 cm.
6. Haiinute MeHbLIYIO BBICOTY TpPEYroJibHMUKA, E EA
€C/IM ero CTopoHbl paBHBb: 1) 17, 65, 80;
2) 8, 6, 4; 3) 24,25, 7; 4) 30, 34, 16. = “3
7. Haiinute MEHBIIYIO BBICOTY TPEYrOJIbHUKA, E Eo
€CJIM ero CTOPOHBI paBHBI a =16 cm, b=12 cm
uc=8cm.

8. Haiinure miuHy gectHulbl (puc. 2).
48

C25mB




§ 5. TPUTOHOMETPUYECKHUE TOXIECTBA

‘ 20—21. OCHOBHOE TPUTOHOMETPUYECKOE ’
TOXIAECTBO U Ero CJIEACTBUE

1. OcHOBHBIE TPHTOHOMETPHYECKHE TOXKIAECTBA.

BbiBenieM cOOTHOIIEHUS (TOXIECTBAa), KOTOPbIE BhIPAKAIOT 3aBUCUMOCTb
MEXIy TPUTOHOMETPUUECKMMU (PYHKIMSIMUA OJHOTO yIJa.

Teopema.

Jast 1m060ro 0CcTPOro yria o CnpaBeiJIMBO PABEHCTBO
sina + cos?a = 1.
Jlokazamenvcmeo. Bo3bMeM J11000# MPSIMOYTOJIbHBIN TpeyrojbHUK ABC
C YIJIOM Mpu BepliMHe A, paBHbIM o (puc. 1).
ITo teopeme INMudaropa: @ B
BC?*+ AC? = AB>.
Pasnenum o6e yactu paseHcTBa Ha AB2. Tlony- c
YUM CJIeAylolliee paBeHCTBO:

(B_Cf s (ﬂj _1 a
AB AB ' A b C
C

B .
— =sin
Ho 1B a,

C
—g = cosa. TakuM obpasoM,

sina + cos’a = 1. (1)
PaBeHcTBO (1) Ha3bIBAeTCS OCHOBHBIM TPHTOHOMETPHYECKHM TOXKIECT-
BOM.
Tpu ToXIecTBa BbI YK€ 3HAeTe:
tga = 2% (2), ctga =22 (3), tgo - ctga =1 (4).

cosa sin a
YToOBbI MOJIYYUTH TISAITOE TOXAECTBO, Pa3lejvMM 00€ 4acTU MOJYYEHHOTO

toxnectsa (1) Ha cos’o. [Tomyunm:
.2
simm- o

1
—+1l=——,um 1+tg’a=——. (5)
Cos" o Cos™ a CoS™ o

Ecam 06e yactu Toxnectsa (1) pazmenuTs Ha sino., TO IMOJIYYUM LIECTOE

TOXIIECTBO:

1

cos’a 1
1+ = 5

2
——=——,wm l+ctgia=—— (6)
sin” o sin” o sin” o

2. CJICI[CTBI/[H, BBITCKAIOIIUEC M3 OCHOBHOI'0O TPUTOHOMETPHYECKOIO TOXK-

JIeCcTBa.
Jlas 1000ro ocTPOro yria o BepHbI CleAyIOHe PaBeHCTBA:

sin*a = 1 - cos’a = sina = /1 - cos’a . 7)
cos’a = 1 -sin’a = cosa = /1 —sin’a . 8)
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. 2
3anaya 1. Beluvciaure 3HaueHue sina, tgo M ctgo, €CIu Cosa = .

3
f
Pewenue. 1) sina = +/1—cos’o =1 - 1——

_sm(x 502 5 _ cosa 2\/5_2_
Diga=nt=2: 19 Haag-ho 2 -T2
Omeem: sin a =§, tga =§, Ctgq:¥

—sin? 2
3anaua 2. YnpocTuTe BhIpaxeHue: 1) 1+1_Sl#; 2) 1_L‘;1_
sm-ao cos” a

Pewenue. 1) IlpuBenem ciaraeMmble K 0o0llleMy 3HAaMEHATeJO, 3aTeM B YMC-
JIATEJIe TIPUBEAEM MOJO0OHBIC claraeMble, U BOCIIOIb3YeMCsT TOXIECTBOM (6):

l-sin®a  sin’a+ 1-sin’a 1 2
l+ ——= — =——=1+ctg’a.
sin“a. sin“a. sin“a

Omeem: 1 + ctg?a.

2) IlpuBenem pa3HOCTb K OOIIEMY 3HAMEHATENI0, 3aTEM B UYMCIMUTENE

MpUBEIEM MOJOOHbBIEC ClaraeMble, U BOCIIOJIb3YeMCS TOXIECTBOM (5):

cos? a—1 coszoc—(coszoc—l) cos’ a—cos® o+1 1 2
1- — = - = - =——=1+tg°a.
cos” o cos“a cos“a cos“a

Omeem: 1 + tg2a.

3anaua 3. Yrpoctute BeIpaxkeHue: sin‘o + cos*o + 2sina cos?a.
Pewenue. Bocrnonb3dyeMcst (popMysoil KBaapaTa CYMMbI OBYX UYKCENl U
OCHOBHOT'O TPUTOHOMETPUYECKOTO TOXACCTBA, MOJYYMM PaBEHCTBO:

sin‘a + cos*a + 2sin?a cos?a = (sina + cos?a)? = 1.
Omeem: 1.

Bonpocst, 3a0auu u 3adanus

[a—y
o

1) B yeM 3akirouaeTcss OCHOBHOE TPUTOHOMETPUUYECKOE TOXIECTBO?

2) Kakue TpuroHoMeTpuyecKue TOXIEeCTBa Bbl 3HaeTe?

3) Kakue cneacTBusl BHITEKAIOT U3 OCHOBHOIO TPUTOHOMETPUUYECKOIO
TOXIecTBa?

'~

12
iR 2) sina, tgo U ctga,
ecau cosa = 0,8; 3) sina, tga U ctga, eciau coso = 0,28.

2. Haiinure: 1) cosa, tgo M ctgo, eciu Sino =

3. HaiiauTte sina 1 cosa, ecinu tgo = %

. . 4
O6paszen. Haiinute sina 1 coso, eciau tgo = 3
2
Pewenue. 12 =l+tg?a=1+ (ij 1+ 8- B 3yauur, cosla = — .
cos” a. 3 9 9 25

9 3
cosa = |— ==
Otkyna o 33
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Temeps BHUMCIAM sino:  tgo, = 0%
p - 18 cosa 35 5°

. 4 3
Omeem: sina. = 35 cosa=<.

4. Yrpocrure Boeipaxedue: 1) 1 + sinZa + cosZa; 2
b

sin o . 3) 1-sin’ o
l-cos’ a cos’ o
O6pazen. Yopoctute BeipaxkeHue: 1 + sin’o — cos’a.

Pewenue. CrpynnupoBaB cjlaraéMble, MOJTyYUM:

1+sin’a —cos’a = 1 — cos’ a + sin’a = sin*a + sin’ o = 2sin’a
2
. sin“ o
Omeem: 2sinZo.

(I-sina)(1+sina) | 2) sino.cosa. , 3) tgo

2 2 2

5. Ynpocrute BbipaxkeHue: 1) - - <.
s~ o COS™ a SIn o

6. Karetbl mNpsMOYroJbHOro TpeyrojbHUKA paBHbl 7 c¢cm U 24 cm.
BbluncinTe cMHYC, KOCMHYC, TAHT€HC U KOTAaHI'€HC HAaMMEHBILIEro yria
TpeyroJjbHHUKa.

7. Haiinute 3HauYeHUS] TPUTOHOMETPMYECKUX (PYHKIMI OCTpOoro yria A,

. 15
ecau: 1) tgd = 2; 2) sma:?; 3) cos o = =
1-tg?a+tg?
8. YrpocTuTte BhIpaXeHne: — - =~
COS™ a
Pewenue.
1—tg2<x+tg4oc 1

: = (1-tg?a+tg*a) =(1+tg2a)(1—tg2a+tg4oc)=1+tg6a.

COS™ o COS2 o
[Monb3ysace ToxnectBoM (5) u (GopMynoil cyMMbl KyOoB, T.e. @+ b=
= (a+ b)(a® - ab + b?), ynpocTuin BbIpaxKeHHUE.
Omeem: 1 + tgbo.

. . 8 .
9. Haiinure: 1) cosa, tga u ctgo, eciu Sina = —; 2) sina, tgo U ctga, eciau

ﬁ:
cosa = 0,6.
10. Onpenenure, MOTYT JIM CUHYC M KOCUHYC OJHOTO yIjla COOTBETCTBEHHO
OBbITh paBHBIMU: 1) % u ?; 2) % u %

11. Onpenenure, MOTYT JIM TAHTE€HC M KOTAHI'€HC OJHOTO YIJa COOTBETCT-
BEHHO OBITh PaBHBIMU:

1) 0,4 u 2,5; 2) 1,1 1 0,9; H5+2u5-2.
12. Yupoctute BelpakeHue: 1) tgo - ctgo — cos’a;  2) cosa — cosa. - sina.
13. Karetsl npsIMOYrojJibHOrO TpPEYyroJbHUKA paBHBL 8 c¢cm u 15 cm.
Haiingure 3HayeHME TPUTOHOMETPUUYECKMX (DYHKIMII HAMMEHBIIIETO YIia
TPEYyroJbHUKA.
14. Yupoctute BeipaxeHue: 1) (1 —cosa)(1l +cosa);  2) sino — sina cos?a.
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22. ®OPMYJIbI i1 TPUTOHOMETPUYECKHUX
OYHKINU JOITOJHUTEIBHBIX YIVIOB

@opmybl 1151 TPUTOHOMETPHYECKHX (DYHKIMI JTOMOJHATEIbHBIX YIJIOB.

Jlonoanumenvnoimu yeaamu Hazvieaiomcs 06a yeaa, KOmopwvle 8 CyMMe
cocmaeaarom 90°. TakuMU yrjiamu, B YaCTHOCTHU, SIBJISIIOTCSI OCTPbIE YIJIbI
MPSIMOYTOJILHOTO TPEYroJbHUKA.

TpuroHomeTpuyeckre TOXIECTBA, KOTOPbIE Mbl PaCCMOTpPEIU, YCTaHAB-
JIMBAIOT B3aMMOCBSI3b MEXIY pPa3HbIMU TPUTOHOMETPUUYECKUMMU (DYyHK-
uusiMu oaHoro yriaa. IlornpoOyeM yCTaHOBUTH CBSI3b MeXay (PYHKUUSIMU
JIBYX OCTPBIX YIVIOB MPSIMOYTOJIbHOI'O TPEYrOJbHUKA.

Teopema.

Jas 1o060ro ocrTporo yria o B NPSIMOYTOJbHOM TPEYrOJbHHKE CIpa-
BEJJIMBbI PABEHCTBA:
sin(90° — o) = cosa; cos(90° — a) = sina.

okazameavcmeo. PaccMOTpUM  IpPSIMO-

B N .
@ YroJIbHbIN TpeyroibHUK ABC ¢ TUIIOTeHY30i
= AB (puc. 1). Ecnu ZA4 =a, T0 £ZB =90° - a.
90"~ o BbIpa3uB cHMHYCBHl U KOCMHYCBI OCTPBIX YIJIOB
TPEYrOJbHUKA, IOTYYMM:
. AC
sinB=— wu cosA =£, T.C:
AB AB
i 2 o _
C A sin(90° — o) = cosa;
. BC BC
sin A =g Y cos B =—g Te:

c0s(90° — a) = sina.

TeopeMa nmokaszaHa.

W3 nokazaHHOI1 TeOpeMbl BBITEKAET CJIEAYIOllee CAeACTBUE.

Cnencteue. JIaa mo00ro ocTporo yrjia o B NPSIMOYTrOJbHOM TpPEYroJib-
HUKE CIpaBeIMBbl PABEHCTBA:

tg(90° — o) = ctga; ctg(90° — o) = tga.

Bocrnonb3ysich BblllIe BbIBEAEHHBIMU (hOpMYJIaMU, JTOKAXKUTE CaAMOCTOSI-
TeJIbHO CIpPaBeIJIMBOCTb 3TUX PaBEHCTB.

Octpoie yriibl A 1 B B NpsSMOYTOJbHOM TPEYTrOJbHUKE SIBJISIIOTCSI 10-
MOJHUTEJbHBIMU YIJIaMM, TaK KaK OHHU JOMNOJHSIOT Apyr apyra go 90°.
YuutsiBast 3T0, BhIlIE BbIBeAECHHbIE (DOPMYJIbl UMTAIOTCS TaK:

— CHHYC JAQHHOTrO YIjia paBeH KOCHHYCY JONOJHUTEJbHOIO YIJia;

— KOCHHYC JJAHHOTO YIJIa PaB€H CHHYCY JONOJHUTEJbHOIO YIJia;

— TAHreHC JAHHOrO YIJia PAaBeH KOTAHIeHCY JONOJHUTEbHOIO YIJia;

— KOTAHIeHC JAHHOTO YIJIa PABEH TAHTEHCY JONOJHHUTEJIbHOIrO yIJja.
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3anaya 1. Yuisl A 1 B — ocTpble yIiibl IPSIMOYTOJIBHOTO TPEYroJbHUKA.

Haiinute tgA, ecnu sin B = i.

NG

. . 1
Pewenue. sinB = cosA, 3HauuT, cos A =sin B =—. CuHyc yra A Ha-

NG

XOIVM, WUCITONB3ysd CJICICTBUE M3 OCHOBHOIO TPUTOHOMETPUUYECKOIO TOX-
JIeCTBA:

sin A =1 cos’ o = /1_%}2 ﬂ@%

Haxonum TaHreHc yrjia yepe3 CMHYC M KOCHHYC:

sin A 2 .1
Omeem: 2 tgA_COSA_f.ﬁ_z.

3anava 2. Haiinute ocTphlii yroa x, eciu ctgx = tg20°.
Pewenue. tg20° = ctg(90° — 20°) = ctg70°, 3Hauur, ctgx=ctg70°. Orcrona

x=70°. Omeem: x =70".

Bonpocust, 3a0auu u 3adanus

1) Yto Ha3bIBaIOT IOMOJHUTEIbHBIMU YIrjamMu?
2) Kakue cBsi3u Bbl 3HaeTre Mexay (YyHKIUSIMM JIBYX OCTPBIX YIJIOB
MPSIMOYTOJILHOTO TPEeYroibHUKa? 3aluIlrTe COOTBETCTBYIOIIME (POPMYJIbI.

2. Haiinute ocTphlid Yroj x, ecliu:
1) sinx =cos40°;  2) cosx =sin76°;  3) tgx =ctg56°;  4) ctgx =tgl6°.
3. Yl A u B — ocTphie yIibl NIPSIMOYTOJIbHOTO TpeyrojibHuMKa. Haiinure
sinB u cosB, eciu cosA = 0,6.
4. Onpenenute, MOTYT JM CUHYC M KOCUHYC OIHOIO yIjla COOTBETCTBEHHO
1 2
OBbITh paBHBIMU: 1) NN 2) 0,3u 0,4.
S. Yrabl A u B — ocTpble yriibl MPSIMOYTOJBHOTO TpeyrojbHuKa. Haitnure
cosA u tgA, ecnu sinB=0,5.
6. Haiinute HeusBecTHbIE MIMHBI (pUC. 2), U BBIUMCIUTE CUHYC, KOCUHYC,
TaHI€HC U KOTAaHTE€HC OCTPBIX YIJIOB.
7. Haiinure cosa M sina, ecau sin(90° — o) = 0,8.
8. Ynpoctute BbipaxkeHue: 1) Cc(t);z i 2) ctg2a(2sin’a + cos?o — 1).
A 12 cm C A (x+6)cm B
L
=
o 2
+ & <
% 5 ? 0&
N—' ‘/\
2) a B c 0
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23. BBIYUCIIEHUE 3HAYEHUA CUHYCA, KOCUHYCA,
TAHTI'EHCA 1 KOTAHT'EHCA YTIJIOB 30°, 45°, 60°

PR

1. BbluncieHne 3HaYeHMs1 CHHYCAa, KOCHHYCA, TAHTeHCA W KOTaHTeHCa
yraa 30°. JIst BIYMCIeHUST 3HAaYEHUsI TPUTOHOMETpUUeCKUX PYHKIMHI yria
30° paccMOTpUM pPaBHOCTOPOHHUI TpeyroibHuk ABC co CTOpoHOW a u
MPOBEJIEM B HEM BBICOTY BD, KOTOpas SBJISETCS TakKXKe OUCCEKTPUCOU U
menuaHoit (puc. 1). B tpeyronbnuke ABD D= 90°, «B=30° u AB=a.

Torma AD = %,
ITudaropa:

A (1) BD=VAB —aD’ - Jaz _@2 =\/a2 _a

2
2
a = ’3i=a_\2/§.

I1o onpeneneHuIo:

Kak karer, jexaumii npotuB yria B 30°. Ilo Teopeme

ST
S

sin3pe=A2 _a.,_1.
a3 AB 2 2’
2
o BD a3 . 3.
COS3O —E—T.Q—T’
tg30°=£=£:a_\/§=izﬁ;
C B 2 2 3 3
o D_a\/g_a_
ctg30 ‘E‘T'Tﬁ'

C nomouibio GopMya IS TPUTOHOMETPUUYECKUX (PYHKUUN TOIOJHU-
TeJbHBIX YIVIOB ITOJIydyaeM 3HadyeHus yria 60°:

sin 60° = sin(90°  30°) = cos30° = 231 1g60° = tg(90° ~30°) = ctg30° = 3

c0s60° = cos(90° — 30°) = sin 30° = % ; ctg60° = ctg(90° - 30°) = tg30° = ?

2. BblunciieHHe 3HAYeHHS CHHYCAa, KOCHHYCA, TAHreHCa W KOTaHreHca
yriaa 45°.
B Jns BbIUMCIEHUS 3HAYEHUI TPUTOHOMET-
@ pudeckux @GyHKuuMi yriaa 45° paccMOTpUM
PaBHOOEAPEHHBIN TPSIMOYTOJIbHBIA TPEYToJib-
Huk ABC ¢ «xaretramu AC=BC=a nu
ZA=2B=45 (puc. 2). Ilo Teopeme Iluda-
ropa rumnoTeHy3a paBHa AB = a2 . Tlo ompe-
JNEJIEHUI0O  TPUTOHOMETPUYECKMX  (YHKIUNI
OCTpPOTO YIJIa UMEEM:

45°
1 o _ of _BC_ a _ 1 _\/E_
A a C sin45 _SmA_ﬂ_m_ﬁ_T’
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B a2 2

o _ _BC _a_
tg45° = tgd = 22 =21
ctg45°=ctgA=%=%=1.

IIpencrtaBuM 3HaYeHUSI TPUTOHOMETPUUECKUX
dynkumii yrnos 30°, 45° 1 60° B Buae TaOJUIIBI.

3HaueHUs TPUTOHOMETPUYECKUX (DYHKUUN Ipy-
IMX YIJIOB, a TakKXe KBaapaT WM KBaJpaTHbII KOPEHb
U3 MOJIOXKMUTEIbHBIX YMCE MOXHO BBIYUCIUTH C IO-
MOIIIbIO KaJbKYJISTOpA WA CHELMaTIbHbIX TaOJIuLI.

3anaya. T'mnoteHy3a AB mpsIMOYrOJIBHOTO Tpe-
yronbuuka ABC paBHa 4+/3 cm, a ZA4=60° (puc. 3).
BbruncinTe I1IMHBI KaTETOB 3TOrO TPEYroJbHUKA.

Pewenue. Ham u3BeCTHO, 4TO KaTeT IPOTUBO-
JIeXXallMid YIay o, paBeH IPOU3BEACHUIO TUIIOTEHY-
3bl Ha sin a. [ToaTomy:

BC=ABsinA=4J§.sm60°=4J§§=6 (cm).

Ham u3BecTHO, 4TO KaTeT mpuiiexaliuii K yriy o,
paBeH MPOM3BEICHUIO TUIOTeHY3bl Ha cos a. [losTomy:

AC = ABcos A = 4/3 - cos 60° = 4\/§% =23 (cm).
Omeem: BC=6 cm, AC =2+/3 cm.

Bonpocst, 3a0auu u 3adanus

=

Berauciure: 1) sin30° + tg45°;  2) cos30° - tg60°;

o 30° | 45° | 60°
sino 1 Q £
2 2 2
cosaL £ ﬁ !
2 2 2
tga ? 1 V3
ctga | /3 1 ?
3 7
=
&
60" i
A C

3) /2 sin45° - cos 60°.

2. Haueptute paBHOCTOPOHHUI TPEYrojJbHUK M IPOBEAUTE €0 BBICOTY.
Cnenaiite HeoOXOAMMBbIE M3MEPEHUs] W BBIYMCIWTE 3HAYEHMSI TPUTO-
HoMmeTpuueckux GyHkuuit yriaoB 30° u 60°. CpaBHUTE ITOJTy4YeHHBIE

pe3yabTaThl ¢ TaOJUYHBIMU.

3. JuaroHans BD mnapamnenorpamma ABCD mneprieHAUKYJSIpHA CTOPOHE
AB v paBHa 16 cm. BeiuncinTe JIMHBI CTOPOH MapalijiejiorpamMma, eciu

yron BDA pasen 30°.

4. B npsIMOYrojbHOM TpPeyrojbHUKe OfMH M3 KaTeTOB paBeH 63, a mpo-
TUBOJIEXKAIW yroya paBeH 60°. Haiimute rumoTeHy3y U BTOpOIi KaTeT.

5. Ynopoctute BoipaxkeHue: 1) tg2o(2cos?a + sina —1); 2) tgZa — sinatg?a.

6. B npsiMOyrojbHOM TpPEYrojibHMKE OAMH U3 KaTETOB paBeH 2, a MPOTU-

BoJIeXKallMit yroi paBeH 60°. HaiiguTe rumoreHy3y U BTOPOil KaTeT.

7. YnpoctuTe BeIpaxkeHHe: (sina + coso)? + (sino — cosa)?.

8. Brmuucinure:

1) cos45°® - sin45°; 2) sin60° - tg30°; 3) /3 cos 30° — cos 60°.
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§ 6. PEHIEHUE ITPAMOYI'OJIbHBIX TPEYTOJIBHUKOB

DN

24. TABJIUIIA 3HAYEHUN TPUTOHOMETPUYECKHUX
OYHKIINUN

3HaueHUs TPUTOHOMETPUUYECKUX (PYHKLMN MOJTHOCTBIO OINPEaesIOTCs
BeJMuMHOM yria. CocraBieHbl TaOJMIIbI TPUTOHOMETPUUECKUX (PYHKUMIA B
3aBUCMMOCTM OT 3HAU€HUM yIJIoB (CM. MPUJOXEHME B KOHIIE KHUTH).
B Tabiuue mnpuBeneHbl 3HAYEHUS TPUTOHOMETPUYECKUX (PYHKUMIA YIJIOB,
colepXKallux 11eJI0€ YUCIO TpajaycoB, C TOYHOCTBbIO A0 JECSITUTBICSIUYHBIX
3HaKa. 3HauyeHWe YIJIOB, He Oouibllie 45°, pacrojoxeHbl B JieBOM (1-oM)
cronbue «I'pagychl», U COOTBETCTBYIOIIME WM 3HAYEHUS TPUTOHOMETPHU-
yecKrUX (QYHKIMI HaAXOMAST, MOJIb3YSICh 6epXHUMU HAUMEHOBAHUSIMU CTOJIO-
OB (2—5), 3HaYeHUs yIJIa, HE MeHbIIe 45°, pacIojoXeHbl B IIpaBoM (6- oM)
cronbie «I'pamycel», 1 COOTBETCTBYIOIIME UM 3HAYEHUsI TPUTOHOMETPUYEC-
KUX (QYHKIMIA HAXOJAT, TOJb3YSICh HUNCHUMU HaUMEHOBaHUSIMU (2—5)
CTOJIOLIOB. B IBYX KpaliHUX CTOJIOLAX YKa3aHbl IPaayCHbIC YIJIbl: B JICBOM —
ot 1° mo 45°, t.e. 1°, 2°, 3°, ..., 45°; B mpaBoM — ot 45° 1o 89°, T.e. 45°, 46°,
47°, ... 89°. Tabmuua cocTaBjieHa ¢ ydyeToM (QOpMya JIOMOJHEHUS:
sina=co0s(90° — o), cosa=sin(90°-o) u T.O., 3HAUMUT, sinl°=cos89°,
sin2° = cos88° u T.1. MexXny 3TUMHU CTOJIOLIAMM COAEPXKUTCS 4eThipe (2—35)
CTOJI011a 3HAYEHU I TPUTOHOMETPUUECKUX (DYHKIIUIA:

2-ii — cUHYCHI yIIoB OT 1° 10 45° (MM KOCUHYCHI OT 45° 1o 89°);
3-ii — TaHreHchl yrioB oT 1° no 45° (wim KoTaHreHchl ot 45° no 89°);
4-i1 — KoTaHTreHChl yrioB oT 1° 1o 45° (unu taHreHcsl oT 45° 1o 89°);
5-if — KOocuHYChI yrioB oT 1° 1o 45° (uau cuHychl OoT 45° 1o 89°).

1. Bbiunciienne TPUrOHOMETPHYECKOH (DYHKIMHM MO YIay.

3anmaua 1. Haitoure sin20°.

Pewenue. Tlockonbky 1° <20°<45°, HailneM B KpailHEM JIEBOM CTOJIOLIE
3HaueHue «rpagychbl» 20 U pacCMOTPUM COOTBETCTBYIOILIYIO CTPOKY IEPBOTO
cronbua 3HayeHuit. Yron 20° B Heit coorBercTByeT umcay 0,3420. Oto u
ecTh 3HaueHue sin20°. CrnemoBaTenbHo, sin20° ~ 0,3420.

3anmaua 2. Haitoure sin75°.

Pewenue. Tlockonbky 45°<75°<89°, HalimeM B KpailHeM npasom
CTOJIOLIE 3HAUYCHUE «IPadyChl» 75 U pacCMOTPUM COOTBETCTBYIOLIYIO CTPOKY
YeTBEpPTOro CToJ01A 3HauYeHUil. Yroa 75° B Heill COOTBETCTBYET YUCIY
0,9659. Bro u ectb 3HaueHue sin75°. CiaenoBaTenbHO, sin75° ~ 0,9659.

3anmaua 3. Haiinute cos33°.

Pewenue. Tlockonbky 1° < 33°<45°, HailneM B KpailHEM JIEBOM CTOJIOLIE
3HAQUYEHUE «Ipaaychl» 33 U pacCMOTPUM COOTBETCTBYIOLIYIO CTPOKY UYETBEP-
TOro ctoJiolia 3HayeHuit. Yron 33° B Heli cooTBeTcTBYeT unciay 0,8387. Oto
U ecTb 3HaueHue cos33°’. CaemoBarenbHo, cos33° ~ 0,8387.
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AHaJIOTUYHO HaXOIMM 3HAYEHUSI TPUTOHOMETPUUYECKUX (DYHKIIMM TaH-
reHca M KOTaHreHca, Kak COOTBETCTBEHHO 3HAU€HUsI CMHYCca U KOCHHYcA.

2. Bbluncienune yrja mo ero TPUroHOMETPHYECKO (PyHKIIMHM.

3anaua 4. Haitnure ocTpslit yroa x, eciau sinx = 0,9848.

Pewenue. 151 3TOro0 B MEPBOM WJIM YETBEPTOM CTOJIOLE 3HAYCHMIA
HaxoguM uucio 0,9848. OHO HaxoguTCs B YETBEPTOM CTOJOLE, T.e. HMC-
KOMBI yron Oosbiie 45° u MeHblne 89°. B coOTBeTCTBYIOLIEH CTpoOKe
IpaBoro cToyidua («rpamychl») 3HadeHuin Haxoaum uuciao 80. CinegoBaTeib-
HO, UCKOMBIIA yroa npubausutenbHo paBeH 80°. Omeem: x ~ 80°.

3anava 5. Haitnure octpslit yroa x, eciau tgx = 0,7002.

Pewenue. JIng >TOro BO BTOPOM WJIM TPETbEM CTOJOLE 3HAYCHUM
HaxoguM uucio 0,7002. OHO HaXOAUTCSI BO BTOPOM CTOJIOLIE, MCKOMBIN
yroja MeHsblie 45°. B cOOTBETCTBYIOLLE CTPOKE JIEBOTO CTOJIOLA («IpamgyChl»)
3HaYeHUil HaxoauMm uuciao 35°. CruemoBare/lbHO, MCKOMBIM Yroa mnpuo-
JIM3UTEIBLHO paBeH 35°.

Omeem: x ~ 35°.

Bonpocust, 3a0auu u 3adanus

1. Haiinute ucrnosb3ys: Tabauiy:
a) 1) sin3°; 2) sin21°; 3) sin50°; 4) sin82°; 5) sin40°;
6) 1) cos9’; 2) cosl2’; 3) cos4l1”; 4) cos67°; 5) cos4’;
B) 1) tg5°; 2) tg89°; 3) tgl5°; 4) tg60°; 5) tg50°;
r) 1) ctgl0®;  2) ctg30°; 3) ctg75°%; 4) ctg52°; 5) ctg5’.
2. HaiinuTe oCTpblid yroa X, UCIOJb3Ysl TaOIuILy:

a) 1) sinx~0,1392; 2) sinx~ 0,8590; 3) sinx ~ 0,5150;
0) 1) cosx~0,7431; 2) cosx ~ 0,6428; 3) cosx =~ 0,0523;
B) 1) tgx = 0,4663; 2) tgx~ 11,430; 3) tgx~0,1763;

r) 1) ctgx~0,9004; 2) ctgx~1,192; 3) ctgx ~ 0,3640.

3. (Ilpakmuueckas paboma.) HauepTure ¢ TOMOIIBIO TpaHCIOPTUpPA
MPSIMOYTOJIbHBINM TPEYroAbHUK ¢ OCTpbIM yriaoM 40°. I3mepbTe ero cto-
POHBI ¥ BBIYMCIIUTE CUHYC, KOCMHYC, TAHT€HC M KOTaHT€HC 3TOr0 yrJja.

4. Boluuciaure 3HaueHHe BbIpakeHus: tgl5® - tg30° - tgb0° - tg75°.

Pewenue. Tlonbsysice @opmynamu tg(90° — o) =ctga u tgo - ctga =1,

BBIYMCJIMM 3HAYeHUE BbIpaXKeHUsI (3aIOJHUTE MPOITYCKM):

tgl5° - tg30° - tg60° - tg75° =tgl5° - tg30° - tg(90° — 30°) - tg(90° - 15°) =
= (tgl5° - ctg...) - (tg30° - ctg...”) = ... ... = ...

HokaxwuTe, uto tgl° - tg2° - ... - tg88° - tg89° = 1.

Ynpoctute BbIpaxkeHue:

1) cos?a + cos*(90° — a); 2) sin%a — cos2(90° — a).

Haiinure ucnonn3ys tadauny: 1) sin70°; 2) cos55°; 3) tgl0°; 4) ctgl8®.

8. Haiinure ocTpblil yroa x, ucnosb3ys Tadauiy: sinx ~ 0,1392.
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| 25. PEIIEHUE NTPAMOYTIOJIBHBIX TPEYI'OJIBHUKOB T}
\— _

B I'maBHY10 3a7a4y TPUTOHOMETPUU COCTABJISIET

@ peuieHue mpeyeonvHuko8. Peuwienue mpeyeonvHuka —

5TO 3HAYUT IO M3BECTHBIM €T0 3JIEMEHTAM HaWTHU
HEU3BECTHBIE 3JIEMEHTHI.

[TpssIMOYTOJIBHBIM  TPEYTrOJIbHUK MOXHO pe-

c a| 1WATb TIO CTOPOHE M OCTPOMY YIJy WJIU JBYM

ctopoHaMm. PaccMoTpuMm mpuMepbl KOHKPETHBIX

3a7a4 Ha pELICHUE TMPSIMOYTOJIbHBIX TPEYroyb-

HUKOB, MOJIb3YysCh 0003HaYeHussMu puc. 1. Ilpu

a4

& = 9TOM JOTOBOPUMCSI OKPYIJISAITH 3HAYEHMSI TPUIO-
A b C HOMETPUYECKUX (DYHKLMUKA J0 THICSUYHBIX, IJIUHbI
CTOPOH — JIO COTBIX, a TpaayCHbIE Mephbl YIJIOB —

N0 €IMHUIL.

PaccMoTpuM yeThipe ciydyasi pelieHMs] MPsSIMOYTOJIbHOIO TPEyrosbHUKA,
3Hag JiBa 2JIEMEHTA.

Cayyaii 1. Pemenune TpeyroJbHHKA MO THNOTEHY3€ U OCTPOMY YTJIy.

3anaya 1. Haitnute katetsl a, b W OCTpbIiA yroji B, €ciau B IpSIMO-
YyTOJIbHOM TPEYrojibHUKe rumoTeHy3a paBHa c¢= 10 cm, o= 50°.

Pewernue. 1) IlockolIbKy cyMMa OCTPBIX YIJIOB MPSIMOYTOJbHOIO
TpeyroibHuKa paBHa 90°, To B =90°—a =90 - 50° =40°.

Cnoco6 1. 2) Karer, npoTuBojexalluii yriay o, paBeH MpPOU3BEIECHUIO
TMIOTEHY3bl Ha sina, T.€. a= ¢ sina.

3Hauut, a =10sin50°=10-0,7660 = 7,66 (cm).

3) Karer, npuiexaimuii K yriy o, paBeH INPOMU3BEACHUIO TMITIOTEHY3bI
Ha cosa, T.e. b= c cosa. 3Hauut, b =10cos50°=10-0,6428 ~ 6,43 (cm).

Cnoco6 2. 2) Karter, nmpuwiexaluii K yoiy [, paBeH MNPOU3BEIECHUIO
TUIIOTEHY3bI HA COSP, T.€. @ = ¢ COSP.

3Hauur, a =10cos40°=10-0,7660 ~ 7,66 (cm).

3) Karert, npotuBosexaluuii yriy B, paBeH NpOU3BEAECHUIO TUITOTEHY3bI
Ha sinf, T.e. b= csinf. 3Haunut, b =10sin40° =10-0,6428 ~ 6,43 (cm).

Omeem: a ~ 7,66 cm, b~6,43 cm, B=40°.

Cayuaii 2. PemeHnune TpeyrojibHHKAa MO KATETy M OCTPOMY YIJIY.

3anaya 2. Haitnute kater b, TMIIOTEHY3Y ¢ U OCTPbII yroja o, €CiIu B
MPSIMOYTOJILHOM TPEYTOJIbHUKE KaTeT a =6 ¢cm U OCTpbIiA yroua B =22°.

Pewenue. 1) T1ocKOJbKY CymMMa OCTPBIX YIJIOB IMPSIMOYTOJBHOTO Tpe-
yrojbHuKa paBHa 90°, To a=90° - =90" - 22°=68".

Cnoco6 1. 2) I'unoreHy3a paBHa OTHOLIEHHUIO KaTeTa, MpujexalieMy K

a

cosp

6 6
cosp  cos22°  0,9272
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yIiy 3, Ha cosp, T.e. ¢ =

3Hauur, ¢ = ~ 6,47 (cm).



3) 1o onpeneneHuto: tgh= g. Otkyna b = atgp, T.c.

b=6tg22°=6"-0,4040 ~ 2,42 (cm).
Cnoco6 2. 2) T'mmoTeHy3a paBHa OTHOIIEHMIO KaTeTa, IPOTHBOJEXa-
1IeMy yrjay o Ha sina, T.e. ¢ = a4

sina
a 6 6

sino  sin68 09272 6,47 (cm).

3HauuT, ¢ =

3) 1o onpeneneHuto: tgp= g. Otkyna b = atgp, T.c.
b=61g22°=6-0,4040 ~ 2,42 (cm).
Omeem: ¢~ 6,47 cm, b~2,42 cm, o= 68",

Bonpocst, 3a0auu u 3adanus

1. B npsMoOyrojbHOM TpeyrojbHUKE KaTreT JUIMHOM 7 cm  SBISIETCS
npuiiexaiuym K yriay 60°. Haiinute rTMnmoTeHy3y 3TOTro TpeyroJbHUKA.

2. B npsIMOyroJbHOM TpEeyroJbHMKE TMIOTeHy3a paBHa 12 cm, a onuH U3
KATeToB paBeH 62 cm. HaiimuTte ocTpble YIJIBI 3TOTO TPEYTOIbHUKA.

3. B npsiMOyrojbHOM TpPeyrojibHMKe TMroTeHy3a paBHa c¢= 10 cm, a oct-
pblii yron paBeH o =42°. Haiinute kareTsl a, b WU OCTpblii yroa p.
Pemnte 3amauy nBymst cnocobamu (cM. 3agauy 1, ctp. 58).

4. B 1npsIMOYroJbHOM TpPEYrojbHUKE OJMH M3 KaTeTOB paBeH b=4 cm, a
oCcTphIil yron paBeH B = 18°. HalimuTe Kater a, rMMOTEHY3Y ¢ U OCTPbIi
yros o. Pemure 3agady aBymsi criocobamu (cMm. 3amavy 2, cTp. 59).

COS2 o

(1+sina)(1-sin o)

6. B paBHOOenpeHHON Tpameuuy Yyroa Ipu

S. YnpocTtute BbIpaxKeHuUe: —sin acos(90° — o).

OCHOBaHMHU paBeH 60°, a OOKOBasg CTOpPOHA @ B | ¢
paBHa MEHbIIIEMY OCHOBAaHMIO U paBHA
22 cm. Haiinute pnyHy OOJIbIIETO OCHO- o \

BaHUS Tpaneuuu. 3aroJIHUTE TIPOIMYCKU.
Pewenue. Tpaneuus ABCD — paBHOOen- | |
pennass, ZA=./D=60°, AB=DC=BC= 14 P D
= 2+/2 cm. TIposenem CP|| BA (puc. 2).

Torna ZA=~CPD= 60° (KaK ... yrjbl IIpd IepeceYeHUU Iapajuieiib-
HbeIX npssMbix CP u BA un cekyueit AD ). Yrabel TpeyroabHuka CPD
paBHBI, T.€. ...°, 3HAUUT, OH ... .

[Mostomy, CP= PD=...= 22 cm. Torma AD=2 - 242 = ... (cm).
Omeem: 42 cm.

7. B npsIMOyrojibHOM TpPeyroJbHUKE TMIIOTeHy3a paBHa ¢=8 cm, a OCT-
pbiii yron paBeH o =30°. Halinure KateTbl a, b u ocTpblii yroa p.
Pemnte 3amauy nBymsi cnocobamu (cM. 3agauy 1, ctp. 58).
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26. PEIIEHUE IIPAMOYTIOJIBHBIX TPEYI'OJIBHUKOB
(ITPOAOJIZKEHUE)

Cayyvaii 3. PemeHnune TpeyrojibHHKa MO rMIOTEHY3€ W KaTeTy.

3anaya 1. B npsIMOyroJibHOM TpeyrojibHUKE TUIIOTeHy3a ¢ paBHa
13 cm, akarer a paBeH 5 cm. Haiinute karet b, ocTpbie yIJibl o U P.
Pewenue. 1) Tlo Teopeme Ilugaropa:

B
) b=vc —a* =13 -5 =/169-25 = /144 =12 (cm).
= Cnoco6 1. 2) Tlo ompeneyneHHIO CUHYca OCT-
B poro yria o
5
sina =— == ~0,3846
o a 13

Otkyna o ~ 23°.
3) CymMma OCTpBIX YIJIOB B IPSIMOYTOJbHOM
\ o TpeyronbHuKe paBHa 90°. Torma
A b C B =90°—q ~90°—23°=67°.
Omeem: b=12 cm, o ~23°, B~ 67°.
Cnoco6 2. 2) Tlo onpeneneHno CUHyca OCTPOro yria f:

sinB:é:%z0,9231.

Otkyna B~ 67°.

3) CyMMma OCTpBIX YIJIOB B IPSIMOYTOJIbHOM TpeyrojbHuKe paBHa 90°.
Torma

a=90°-B ~90°-67°=23°.

Omeem: b=12 cm, o ~23°, B~ 67°.

Cayyaii 4. Pemende TpeyrojbHMKa Mo JABYM KaTeTam.

3anaya 2. B npsIMOYroibHOM TpPEYrojbHUKE KaTeTbl a W b paBHBI
COOTBETCTBEHHO 8§ c¢cm u 15 cm. Halinute rumoreHy3y ¢, OCTpbie YIJIb
o u .

Pewenue. 1) Tlo Teopeme Ilugaropa:

c=a* + b =8 +15 =/64+225 =+/289 =17 (cm).
Cnoco6 1. 2) Ilo onpenesieHUIO TaHT€HCA OCTPOrO yrja o

Otkyna o ~ 28°.
3) CyMMma OCTpBIX YIJIOB B IIPSIMOYTOJIbHOM TpeyrojbHuKe paBHa 90°.
Torma

B =90°— o ~ 90°—28° = 62°.
Omeem: c=17 cm, o ~28°, B~ 62°.
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Cnoco6 2. 2) Ilo onpeaeneHuio TaHreHca OCTPOro yria f:

b 15

th —;—y = 1,875.
Otkyna B~ 62°.
3) CyMMa OCTpBIX YIJIOB B IIPSIMOYTOJIbHOM TpeyrojbHuKe paBHa 90°.
Torma
a=90°-B~90°-62°=28°.

Omeem: c=17 cm, o ~ 28°, B~ 62°.
Cnoco6 3. 1) Ilo onpenesieHNI0O KOTaHTEHCA OCTPOTO yrja o

Otkyna o ~ 28°.
2) CymMma OCTpBIX YIJIOB B IPSIMOYTOJBHOM TpeyrojbHuke paBHa 90°.
Torma
B=90°-a~90°-28°=62°.
3) Ilo teopeme Iudaropa:
c=va’ + b =8 +15 =/64+225 =289 =17 (cm).

Omeem: c=17 cm, o ~ 28°, B~ 62°.

Bonpocst, 3a0auu u 3adanus

1. B npsamoyronbHoMm TpeyroibHuke ABC £ C=90°, ruroreHy3a ¢ paBHa

92 cm, a xateT a paBeH 9 cm. Haiigure karer b, ocTpble YIJIBI o ¥ P.
Peiire 3amavy aAByMs cnocobaMu.

2. B npsmoyroibHoM TpeyroibHuke ABC ~C=90°, kareTbl a u b cooT-
BETCTBEHHO PaBHBI 6+/3 cm u 6 cm. HaiiouTte TMIOTEHY3y ¢, OCTpbIE
yIJIbl o0 M B 9TOro TpeyrojbHUKa. Pelute 3agayy AByMsl ClIOCOOaAMM.

3. B npsmoyroiabHoMm TpeyronbHuke ABC 2 C=90°, karetbl a u b coot-
BETCTBEHHO paBHbI 11 c¢m u 5 cm. Haiinute TMMmoTeHY3y ¢, OCTpbIe
yIJIbL o0 M 3 9TOTO TpeyrojbHUKa. PelmTe 3amauy ABymMs Crioco0amu.

4. B npssmoyrosnbHoM TpeyroibHuke ABC (£ C=90°) orpe3ok CD — mep-
MeHAMKYJISIP, TIPOBEACHHBIN K rumoTeHyse. Jlokaxure:

1) siCnDA = ABcos A; 2) ADtgA= BDtgB.

5. BoerumcimTe: 2sin60° + 4c0s60° — ctg30° — 2tg45°.

6. B npsmoyronbHom TpeyronbHuke ABC £ C=90°, runoreHy3a ¢ paBHa
25 cm, kateT b paBeH 24 cm. HaiimuTe kateT a, ocTpble YIJbl o U P.
Peiire 3amavy aAByMs cnocobaMu.

7. B npsMoyroibHoMm TpeyronbHuke ABC 2 C=90°, karetbl a u b coot-
BeTCcTBeHHO paBHbI 10 c¢cm u 24 cm. Haiigute rurmoreHy3y c, OCTpbIe
yIJIbl o0 M B 9TOrO TpeyrojbHUKa. Pelure 3agayy AByMsl ClIOCOOaAMM.
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|C27. IHOCTPOEHHME IMPAMOYI'OJIbHBIX TPEYI‘OJII)HI/IKOBJ

3anaya 1. IlocTpouTbh yrosa, CMHyC KO-
TOPOIo paBeH %.

IMocTtpoum mnpsimoit yron C u Ha OmHON
CTOPOHE OTJIOXKMM OT BepIIMHBI 0Tpe30oK CB,
pPaBHBIM YeTBHIPEM MPOM3BOJbHLIM MacCIll-
TaOHbIM eauHuLiaM (puc. 1). W3 touku B
KakK M3 LIEHTpa PaJiMyCoM, paBHbIM 5 TeM Ke
MacCIITaOHBIM €IMHMIIAM, OIMIIEM OYTy, Ie-
pecekarolllylo  JApYrylo CTOPOHY IIPSIMOIO
yriaa. Touky nepeceyeHuss oO00O3HAYUM OyK-
Boit A. CoenuHUB TOYKU A u B, noiyuum
MpSIMOYTOJIbHBINM  TpeyroabHuk ABC. Yron —

" 4
A UCKOMBIIi, TaK KaK CMHYC paBeH 5, T.C.
. 4
sinA4 =—.
3anaya 2. IlocTpouTb yroja, KOCHHYC

5
KOTOPOTO paBeH ¢ .

IMToctpoum npsimoit yron C ¥ Ha OZHOM
CTOPOHE OTJIOXKMM OT BepIUMHBI 0Tpe30K AC,
- paBHBIA S5 TMPOM3BOJILHBIM  MacCIITAOHBIM
@ B | emunuuam (puc. 2). U3 touku A Kak u3
LIEHTpa paJnyCcoM, PaBHBIM 6 TeM e Maclil-

— T TaOHBIM €IMHMIAM, OIMIIEM AyTYy, Iepece-
1l KaloIyl0 IPYIyl0 CTOPOHY MPSIMOro yrja.

Touky nepeceyeHus1 o003HAUYUM OYKBOU B.

+ CoenMHUB TOYKU A U B, MoJyyuM IpPsIMO-

yrojbHbiii TpeyroibHUuk ABC. Yron A — uc-

A C . 5
KOMbIM, TaK KaK KOCHMHYC paBC€H g

5
cosA—g.

4
3anaya 3. IlocTpouThb YroJj, TaHF€HC KOTOPOro paBeH 3

IToctpoum mnpsimoii yron C M Ha OJHOW €ro CTOPOHE OTJIOXHM OT
BeplUHbI OTpe30K CA, paBHbII 5 MPOM3BOJbHBIM MACIITAOHBIM €IMHUIIAM,
a Ha apyroit orpe3ok CB, paBHbIi 4 TeM e MaclUTaOHBIM €IWHUIIAM

(puc. 3). CoenHuUB TOYKU A U B, MOJYyYUM MPSIMOYTOJIbHBINA TPEYyroJbHUK

4 4
ABC. Yron A OyneT UCKOMBIM, TaK KaK €ro TaHTeHC paBeH 3, T.e. tgAd = 5
Kaxnplii M3 KaTeToB MHPSMOYTOJbHOIO TPEYTroJbHMKA BCETda MEHbIIIe

TUITIOTEHY3bl, TO CUHYC U KOCUMHYC JIIOOOrO OCTPOTro yIjia BCeraa MeHbiie 1.
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Yrto KacaeTrcss CpaBHUTEJIbHOU BEJIMYMHBI KAT€TOB, TO KaXKIbliA W3 HUX
MOXET OBbITh B3AUMHO PaBHbIM, W 0OJbllIe WM MeHble apyroro. [Tosatomy
TAaHT€HC W KOTAHTE€HC OCTPOTO YIJIa MOTYT OBITb BBbIPaXK€HbI JIIOOBIM ITOJIO-
KUTEJbHBIM 4ucIOM. Kaxnbplii M3 HMX MOXET OBbITb MEHbIIE E€AWHMIIbI,
OoJibllle €NVMHUIIBI U paBeH eauHulie. Eciu 3HaueHUue TPUTOHOMETPUYECKUX
(GyHKIMI OyaeT AeCITUYHOU APOOBIO, TO IS TIOCTPOEHUS MPSMOYTOJIbHOIO
TPEYroJIbHUKA, €r0 HEOOXONMMO 3aMucaTh B BUIAE HECOKPATUMOU Ipobdu, U
MOCJIE€ 3TOT0 HAaAO BbIOPATh COOTBETCTBYIOLIYID MAaCIUTA0OHYIO €AWMHUILY, a
3aT€M HaJAO0 MOCTPOUTH MNPSIMOYTOJIbHBIM TPEYrOJbHUK KaK B PEIIEHHbBIX

3amaygax.

Bonpocust, 3a0auu u 3adanus

1. Iloctpoiite mnpsiMoyroibHblii TpeyroibHuk ABC («£C=90°),

Dted=3; 2)sind=3.

2.

IloctpoiiTe mpsiMOyroibHbIi TpeyroibHUK ABC

(£C=90°), ecnu: 1) sind = %; 2) cosA =% ]

3. B mnpsMoyronbHOM TpeyrojibHUukKe ABC yrona

C paBen 90°,

c=7V2 cm —

TUITIOTEeHY3a,

b=7 cm — xarer. Halinure xaTeT a, ocTpbie
yIJIbl o0 M 3 9TOTO TpeyrojibHUKa (puc. 4).

4. B npsmMoyroibHoM TpeyroibHuke ABC yrona
C paBeH 90°, ¢=12 cm — runoreHy3a, o = 60°.
Haiinute xartetel a, b, ocTpbiii yroa B Tpe-
yroibHUKa (puc. 4). Peuure 3amauy nByMms

CCJIN.
(4) B
=
B
C a
R B
A b C

3xcm B

CIocodamu.
5. Haiinute Hem3BecTHBIC IIUHBI (puUC. 5, 6).
6. B npsmoyronbHoMm TpeyroibHuke ABC yron C paBeH 90°, c=74 cm —
TMIIOTeHY3a, sino = % Haiinure nepuMeTp 3TOro TpeyrojibHuKa (puc. 4).
7. Tloctpoiite npssMoyroyibHbli TpeyroabHuk ABC (« C = 90°), ecnu:
. 4 3 2
1) sind ==; 2) cosd = 3; 3) ted =%,
(5) 4 AC=x 6 <
B
e
= ,,2 g
&
% &
i - I
B C D A
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k 28. ITPAKTUYECKUE 3ATAHUA U ITPUMEHEHUE )

1. IIpakTHyecKue 3a1a4yn Ha npuMeHeHne Teopembl IIndaropa.

3amaua 1. 1IBeTOK BOASIHOI JWIMKM BBICTYIIAE€T Hal MOBEPXHOCTBHIO O3epa
Ha 10 cm. Ecau LBETOK MOTSIHYTb B CTOPOHY, TO OH KOCHETCSI ITOBEPXHOCTU
BOJABI Ha pacCTOSIHUM 1 m OT HayaJbHOTO ITojoxeHus. Haitmure rinyouny
o3epa B JaHHOM MecCTe.

Pewenue. O603HauMM T1yOMHY 03epa CD B maHHOM MecTe uepes x (puc. 1).
Torna BD=AD=AC+ CD=0,1+ CD=0,1+Xx (m). U3 npsMOyrojibHOIro Tpe-
yrogpHuKa BCD, o teopeme Ilucaropa
HMEEeM:

BD>- CD*=BC?, (0,1+x)?-x*=1,
OTKYa:
0,01+0,2x+x*—x2=1;

0,2x =0,99; x=0,99:0,2;
x=99:2; x=4,95 (m).

Omeem: T1youHa o3epa 4,95 m.

Jamaga 2. BreicoTa omHOTO JepeBa
20 m, a BToporo 9 m. PaccrosiHue Mex-
Iy OepeBbsIMHU cocTaBiager 60 m. Haii-
JIIUTE pacCTOSHUE MEXIy BepXylIKaMU
9TUX AepeBbeB (puc. 2). Peuure camoc-
TOSTEJILHO.

3anaya 3. BBICOTHI ABYX COCEH COOT-
BETCTBEHHO paBHbl 21 m u 28 m,
a pacCTOsIHME MEXIYy HMMHU COCTaBJISIET
24 m. Haiigute paccTossHME MEXIY Bep-
XyLIKaAMKU 3TUX OepeBbeB (CM. puc. 2).
Pelnre caMocCTOSITENBHO.

2. IIpakTHYeCKHe 3a/1a4M HA TpUMe-
HeHHe CHHYCa OCTPOro yrija. @

KpytusHy nonbeMa Ha POBHOM Hak-
JIOHHOM JOpOore MOXHO 3aJaTh He yI-
JIOM HakKJIOHa, a BBICOTOM MOmbEMa,
MPUXOISIIErocs Ha IJIMHY IMPONAeHHO-
ro nytu (puc. 3). Hampumep, mombem
2 M Ha 100 mytu. B atoM ciydae Kpy-
TU3HA IOAbeMa 3aJaeTCs OTHOLIeHUEM
BBICOTHI K MpoliaeHHoOMYy myTh. B pac-
CMOTpeHHOM mpumepe oHa paBHa 0,02,
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700

2 m

100 m
Hampumep, nmo Toil ke mopore. Oto orHoiueHue 0,02 He 3aBUCUT OT IIPOW-

JCHHOIO IIyTH.

T.€. =0,02. Pasymeercss, MOXHO ObUIO Obl TOBOPDUTbL M O CIIyCKE,

3amaua 4. Yron moagbeMa pOBHOM HAKJIIOHHOM OOPOIM COCTaBJISIET B Cpel-
HeM 15° (cMm. puc. 3). Ha Kakyio BbICOTY MHOIHMMAETCs JIETKOBasl MalllMHa,
npoiing no gopore 300 m?

Vkazanme. Haiinute KpyIM3HY moabeMa, IPUMEHSISl OIpeaesieHue CUHyca
OCTpOro yria.

2. IlpakTHyecKHe 321241 HA MPUMEHEHHE TAHI'€HCA OCTPOro yrJja.

3amaua 5. Ha paccrosHuu 700 m OT TOYKM OTpbIBAa camoJjieTa OT 3eMJIM
pacrojioxkeHbl AepeBbsl BbhiCOTON 24 m. Ilog KakuMm YIJIOM [OOJDKEH IIOA-
HUMAaTbCSI CaMOJIET, UTOOBI HE 3aleTh AepeBbsi?

Pewenue. B npsimoyronbHoM TpeyrojibHuke ABC (L C=90°) AC=700 m,
BC =24 m (puc. 4). I1o onpeneneHnI0 TaHI€HCAa OCTPOIO YIja HaXOdUM:
tg(x = E = ﬁ ~
AC 700
Omeem: 4TOOBI HE 3aleTh JEePEBbsl OT TOUKM OTPhIBA 3eMJIM CAaMOJIET HOJI-
KEeH MOAHMMAThCS O] YIJIOM He MeHblie 2°.
3amaua 6. OnpengeauTrh paccTOSHUE MexXAy NOyHKTamMu A u B, pasne-
JIeHHBIMU TIpensTtcTBueM. IlycTh TpeOyeTcs HAWTH pacCTOsIHME OT ITyHKTa A
JIo TIyHKTa B, Haxoaserocs 3a pexkoi (puc. 5).
Pewenue. CTpouM IIpA IMOMOILIM aCTPOJISI-
OUM WM 3KKepa Mpu TOYkKe A MHpsSIMOM Yroj
BAC. BzsB Ha mnpsmoii AC MPOU3BOJIBHYIO
TOUKy D, C IIOMOIIBIO acTPOJIIOUU U3MEpsieM
yroil ADB; nyctb oH paBeH 44°. W3mepseM
paccrostnue AD, nmyctb oHO cocTaBuT 120 m. |~
ITonp3ysich ompeneaeHWeM TaHIE€HCa OCTPOTrO
yIja, HaXOAUM paccTosiHue AB:

22 = tgddo = AB =120 tgd4° ~
~120-0,9657 ~ 116 (m).

Omeem: ~ 116 m.

0,0343 = o ~ 2°.
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3amaua 7.OnpeneauTh paccTossHUME OT IyHKTa A OO0 IIyHKTa B, Mexmy
KOTOPBIMU HaXOIUTCSI BOAHOE MPOCTPAHCTBO (puc. 6).

Ykazanue. PaccyxneHue aHaaormyHo 3amade 0.

Cuywrag, yto ZADB =48 u AD=200 m, pemnTe 3amayvy.

3amaua 8. OnpeneauTh BBICOTY IIpeIMeTa, K OCHOBAHHMIO KOTOPOTO IIO-
JIIOUTHU HeNb3sl, HaIpuMmep, TpeOyeTcs BBIUMCIUTL BBICOTY 3JIEKTpoIepenar-
yuka (puc. 7).

Pewenue. PaccMoTpuM MpSIMOYTONbHBINA TpeyrolbHUK ACD. B 3ToMm
TPEYrOJIbHUKE MBI MOXEM C TOMOIIbIO acTpPosIOUM HU3MEPUTh yroa A.
ITonmoxum, oH paBeH 42°.

B tpeyronbnuke BCD uzmepsiem yroa DBC, mycTh OH paBeH 47°.

IIo ompeneneHuIo TaHIeHCa B MPSIMOYTOJIbHOM TpeyrojbHuke ACD uMeeM:

CcD CcD

—_— © = . 1

C tgd2° = AC i (1)
IIo ompeneneHuIo TaHIeHca B MPSIMOYTOJILHOM TpeyroibHuke BCD uMeeM:

CD cD

—_— © = —— 2

3C tgd7° = BC T 2

Touku A, Bu C HaxonsTCs Ha OJHON MPSIMOIA.
Haxonuwm pasHocte AC — BC, T.e. u3 paBeHcTBa (1) Beruntaem (2):

CD CcD 1 1
AC-BC =2 -0 = AC- BC - CD(—tg420 —_tg47o) =

= AC-BC=CD 09004 _ 10724 = AC - BC = CD(1,1106 - 0,9325) =
AC-BC

Paccrognne AC - BC, 1.e. AB, MOXeT OBITb HEIOCPEACTBEHHO M3MEPEHO,

MycTh OHO paBHO 12 m, Torma
AC-BC AB 12
CD = 01781 _ 0,1781  0,1781

Omeem: ~ 67,4 m.

CocTaBbTe M pEILIMTE 3aJauv B OKpyXalllleil 00CTaHOBKE, HAWTU BBLICOTY
KaKOro-HUOyIb IIpeaMeTa, K OCHOBAHUIO KOTOPOIrO IIOJOMTU HEIb3sl WIN
OIpEJCIUTE PACCTOSTHAE A0 KAKOKM-HUOYAb HEAOCTYITHON TOYKMU.
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@29—30. KOHTPOJIbHASA PABOTA 2. PABOTA HA/JL OIHI/IBKAMI/IJJ

1.

2.

B oW

B npsiMmoyrosbHOM TpeyrojibHMKE TUIIOTeHy3a paBHa 20 cm, a CHUHYC
OIHOTO U3 OCTpBIX yIjoB paBeH 0,5. HaiinuTe KaTeThl TpeyrojabHUKA.

B mpsmoyronbHOM TpeyrojbHMKE TMIOTeHYy3a paBHa 13 cm, a KOCHHYC
5 .
OZIHOTO M3 OCTPbIX YIJIOB PaBEH —=. Haiinute KaTeThl TpeyroJbHUKA.

Ynpoctute BbipaxkeHue: (sin’o— cos?a)?+ 2 sina cosa.

. HaiinuTe BBICOTBI TPEYTOJbHUKA CO CTOPOHAMM:

1) a=c=17 cm, b=16 cm; 2)a=30cm, b=34 cm, ¢c=16 cm.

TECT 2 IIpoBepbTe ceds!

OIMH U3 KaTeTOB IIPSIMOYIOJIbHOTO TPEeyrojbHMKA paBeH 12 cm, a rumo-
TeHy3a Ha 6 cm 0oJiblie BTOPOro Karera. Haiimure mIMHY TMIIOTEHY3HI.
A) 15 cm; b) 25 cm; B) 26 cm; I') 18 cm.

B npsMoyroibHOM TpeyrojJbHUKE OOWMH M3 KaTeTOB paBeH 12 cm, a BTO-
poii MeHbllle TUIIOTEHY3bl Ha 8 cm. Haligure rumoreHy3y TpeyrojabHUKa.
A) 15 cm; Bb) 16 cm; B) 13 cm; I') 25 cm.
T'urnoreHy3a MOpsSIMOYTOJIBLHOIO TPEYIroJbHMKA paBHA 25 cm, KaTeThl OT-
HocsTcs Kak 3 : 4. Haiinute MeHbIIMI KaTeT TPeyrojbHUKa.

A) 10 cm; B) 15 cm; B) 9 cm; I') 20 cm.

YeMmy paBHa HauMMEHbIAsl BHICOTA TPEYIroOJIbHMKA CO cTopoHamu 13 cm,
l4cmu 15 cm?

A) 11,5 cm; b) 11,1 cm; B) 11 cm; I 11,2 cm.
JuaroHanu poM6a paBHbI 14 cm u 48 cm. Halinute nepumerp pombda.
A) 60 cm; b) 100 cm; B) 80 cm; I') 120 cm.

. Ilepumerp pomba 68 cm, ogHa u3 auaroHaneir paBHa 30 cm. Haitnure

BTOPYIO IMaroHajb pomoa.

A) 12 cm; b) 8 cm; B) 16 cm; I') 20 cm.

. B mpsAMOYrosbHOM TpeyroJbHMKE ONMH M3 KaTeToB paBeH 53  cm,
a MPOTUBOJIEXKAIMI yroi paBeH 60°. Haiinnte rumoteHy3y TpeyroJbHUKA.
A) 53 cm; B) 2415 cm; B) 5 cm; I 10 cm.

. B IpsIMOYroiibHOM TpPEYroibHMKE ONMH M3 KaTeToB paBeH 53 cm,

a mpuiexanuii yroa paBeH 30°. Haiinure BTOpOii KaTeT 3TOr0 TPEYroJib-
HUKA.

A) 53 cm; B) 2V15 cm; B) 5 cm; I) 10 cm.

B npsamoyronbHoMm TpeyronbHuke ABC (LC=90°) rumoTeHy3a paBHaA
17 cm, a KaTeThl paBHBI 15 cm u 8§ cm. Halinure cunyc yria A.

8 8 17 15
A) 155 b) 17; B) 13 IDRTE
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10. B mpsmoyronbHoM TpeyroabHuke ABC (£ C=90°) rumoreHy3a paBHa
37 cm, a kateThl paBHH 12 cm u 35 cm. Haiinute KocuHyc yria B.

12 35 I 3
A) 37> B) 37> B) 35> D) 12
N3yyaem aHrmiickuii A3bIK!
Teopema ITudaropa — Pythagorean theorem Cunyc — sine
Oo6patHas Teopema — inverse function theorem Kocunyc — cosine
TpuronomeTpus — trigonometry Tanrenc — tangent
I'mnoreny3a — hypotenuse Koranrenc — cotangent

Hcmopuueckue ceéedenus

ITudparop onuH U3 Benuyaiimx yueHbIx JIpeBHei
I'peuyn xun B VI B. 1o H.3 (ok. 570—500 rr. mo
H.3.). OH poamicst Ha ocTpoBe CaMoc B DreiicKom
MOpE, B MOJIOJIbIE TOABI MHOTO CTPaHCTBOBAJI, I0OJITO
xun B Erunre, 3atem BaBuioHe, MOXeET OBITb,
noobIBa) U B Uuoun.

IMocneanuii nepuoa CBOei XXU3HU (IIPUMEPHO C
530 1. mo H.3.) Iludgarop mnpoxuna B ropoae
KpoToHe — rpeyeckoii KojoHuUM Ha rore Mranum.
31ech OH CO31aJl 3HAMEHUTYIO IH(AaropemcKkyo
mkoxy. Ero mcciemoBaHusl oxBaThIBaId U apud-
MeTHKY («Bce ecTh uncI0» — neBU3 Mudaropeiiien), Indarop
U, KOHEYHO, TeoMeTpuio. Torma mMaTreMaTHKa TOJIBKO (570—500 Ir. 10 1.5.)
CKJIaIbIBAJIaCh y TPEKOB B TEOPETUUYECKYIO HAYKY, U
IIudarop okazan Ha Hee GomblIoe BausHUE. OMHAKO HE OH OTKPBUI TEOpeMY,
Hocsuyo ero umsi. OHa OblIa u3BeCcTHA elle paHblue B [peBHeM Erumnre u
Basunone, 3agonro go Iludgaropa. Bo3amoxHO, UyTO Toraa eiie He 3HaAIU ee
JIOKAa3aTeIbCTBA, 4 CAMO COOTHOIIIEHUE MEXAY TMIIOTeHY30il U KaTeTaMu ObLIO
YCTAaHOBJIEHO OMNBITHBIM ITyTEM Ha OCHOBE M3MepeHuii. ITudarop, no BUAMMOMY,
Halles T0Ka3aTeJIbCTBO 3TOrO YTBEPXKIEHUS, U (PaKT, B3AThII U3 OTHEIbHBIX
U3MEPEHMH, CTajl 3aKOHOM: Bellb €CJIM YTBEPXKASHME JOKA3aHO, TO 3HAUMT, «OHO
He MOXeT ObITh MHAYe». TeopeMa OTHOCUJIACh TOrJA K IIONIaAsIM KBaaparToB, a
HE K YMCJICHHBIM 3HAUEHUSIM JIJIVH.

Coxpanmioch JpeBHee NpeJaHHe, YTO B YeCTb cBoero oTKpbiTHA Ilmdarop
NpHHEC B KepPTBY OoraM ObIKa, 1O JAPYIHM CBHAETEJHCTBAM — JaXKe CTO OBIKOB.

Teopema Ilugaropa — ogHa U3 caMbIX KpacUBBIX B reometrpuu. Mmeercs
6osee 500 pa3IMUHBIX e A0KAa3aTeJbCTB. MHOIMe U3BECTHBIE MBICIUTENN U TH-
caTeJid TPOILIOro oOpalllauch K 3TOM 3aMevaTeSIbHOI TeopeMe 1 TOCBITIWIN el
CBOU CTPOKM.
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A Ak y)

A, IJIABA 111
METOJI KOOPJIUHAT.
O BEKTOPBI
§7. CUCTEMA KOOPIWHAT HA TNIOCKOCTH

‘ 31. KOOPANHATBI TOYKH HA IIJIOCKOCTMN. ’
KOOPANHATBI CEPEAVUHBI OTPE3KA

1. Koopaunarel Touku Ha miaockocTu. [IpoBeaeM Ha TJIOCKOCTU 4epe3
Touky O 1B€ B3aMMHO MEpHEeHAUKYIsApHble mpsimble Ox u Oy. DTa TOYKa
MPUHUMAETCS 32 HAYaJ0 OTCYETA KAXIOW KOOPAMHATHOM MPSIMOIA, BIOEpEM
Ha KaXIoW M3 HUX HampabjeHue (ero o0O3HAyaloT CTPEJKON) M eIMHUY-
HBII OTpe30K. 3a MOJIOKUTEIbHOE HampaBieHue Ha ocu Ox, Kak IMpaBUIIO,
MPUHUMAIOT HaMpaBjeHue cjieBa HampaBo, a Ha ocu Oy — CHM3Y BBepX
(puc. 1). BBegeHHyI0 TakuM CIIOCOOOM CHUCTEMY KOOPIMHAT HAa3bIBAIOT
npsAAMOYTOJIbHOM  JeKapToBoii B 4yecTb PeHe
Hexkapra, KOTOpBHIi MEpPBBIM IIPUMEHWUI €€ B @y

CBOUX HCCJICIOBAHUSIX. Ax: 9)
Ocb Ox Ha3bIBAIOT OCBIO adcuuce (WM OCh X), A

OOBIYHO OHA pacliojlaraeTcsl TOPU30HTAJIBHO, a

ocb Oy — ocbl0 OpAMHAT (WIM OCb y), OOBIYHO 1

OHa pacIiojlaraeTcsi BEpTUKAIbHO.
IInockocTh, Ha KOTOpOW BbIOpaHa CHUCTEMa
KOOpAMHAT, Ha3bIBACTCS KOOPAMHATHOH MJIOC-
KocThlo. [lyctb A — mnpousBoJbHAsE TOYKa Ha
KOOpIuHaTHOM IuiockocTu. [IpoBenem uepes Hee
npsimMbie, TapaieabHbie ocsiM Ox u Oy. OHu @
nepecekalor ocu Ox u Oy, COOTBETCTBEHHO, B I} |
Toukax 4, u A, (cm. puc. 1.). (= +) (+; +)

Ilycts nnmHa otpe3ka AA, paBHa X, a JUIMHA
orpeska AA, paBHa y. Yucio x HasbiBaeTcs abc- 0
IUCCOM TOYKU A, a YUCJIO y — OPAMHATOM TOUYKU i v
A. Tlapy 4mcen x ¥ y Ha3bIBAIOT KOOPAMHATAMH (=) (+; )
TOUYKU A 1 3anuchiBaloT Tak: A(x; y ). [lpu atom
abCLIMCCY TOYKM YKa3bIBalOT IEPBOI, a OpaM-
HaTy — BTOPOM.

TakuM obpazom: 1) Kaxmoil Touke A Ha MIOCKOCTU COOTBETCTBYET Iapa
yuces (x; y), Ha3bIBaeMbIX €€ KOOpIMHATaMM; 2) U, HA00OpPOT, €CJIU JdaHbl
JIBa yMciaa (x; y), TO 9T YUca SIBISIIOTCS KOOpAMHATaMUM TOUKU A; 3) eciau
X # y, TO mapbl koopauHaT (x; y) u (y; X) ONpeneistoT pa3Hble TOYKU
KOOPIVMHATHOU TIJIOCKOCTH.

o 4
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Hauano koopauHat — Touka O JIEKUT M HA OCU aOCLIMCC, U HA OCU Op-
aef ao. Gi a=eo, da é11daei aot O(0; 0). [pousBoibHast Touka B Ha ocu Ox
umeeT KoopauHatel B(x; 0), mpousBojibHast Toyka C Ha ocu Oy uMeer
koopauHatel C(0; y). Ocu koopauHaT (Ox u Oy) nenasT MIOCKOCTb Ha ye-
ThIpE YaCTU, MX Ha3bIBAIOT KOOPOUHAMHbIMU 4emeepmamu WIN KoopOuHam-
Hoimu yenamu. KoopAauMHaTHBIE YETBEPTU HYMEPYIOT PUMCKMMM Ludpamu,
MPOTHB HaMpaBJICHUS YaCOBOU CTpesiku. B mpeaenax ogHON KOOpAMHATHOM
YeTBEPTU 3HAKW KOOPAMHAT TOYEK COXPAHSIIOTCS TaKMMH, KaK YKa3zaHO Ha
puc. 2.

PaccMoTpuM OCHOBHBIE Cllydau MPUMEHEHUSI KOOPAMHAT ISl U3yYEeHUSs
reoOMEeTPUUYECKUX (UTYp U UX CBOMCTB.

2. Koopaunatsl cepeanHbl OTpe3Ka.

Teopema.
KoopaunaTtsl cepeaunbl OTpe3Ka BbIYMCISAIOTCA MO (hopmysam:
X1+ X ity
X=—= =7

rae A(x;; y,) 1 B(x,; y,) — xoHupl oTpe3kos, C(x; y) — cepearHa oTpe3Ka.

Hoxazamenavcmeo. HaiineM KOOpIMHATHL X U Y
Ya @ touku C. IlycTth oTpe3ok AB He mepecekaeT oOCh
2 Ox, T.e. paccMOTpUM ciyyad, korga x, <X,
(puc. 3). IlpoBenem nepneHAUKyJsipbl AA,, BB, u
7! CC, x ocu Ox. OueBunmHo, uto AA, || BB, || CC, u
OCHOBaHUS TMEPHEeHIUKYISIPOB UMEIOT KOOpPIMHA-
ol A(x;; 0), B/(xy; 0) m C,(x; 0). ITockoapky
touka C — cepeauHa oTpe3Ka AB, TO Mo Teopeme
o 14 ¢ B % | ®aneca touka C, — cepenrHa ortpeska A,B,. Dro
o3Hauaet, uro A4,C,= C,B,, 1.e. x,-x=Xx-X,;, OT-
X + Xy
—

Eciu x, = x,, T.e. oTpe3oK AB mapamieneH ocu Oy, TO Bce TOUKU A, B,
n C, COBIAAAOT, T.€. X; = X = X,, 3HAYUT, (GOpMyJia CHOBA BBIIIOJIHSETCS.

Tor xe pe3ynbTaT MOJYYUM U B Cly4yae X, > X, (MPOBEPbLTE 3TO CaMO-
CTOSITEJIBHO).

OpnouHata Touku C HaxomauTcsl aHajornuyHo. Yepes toukum A, B u C
MPOBOIITCS MpsIMbIe, NMepreHAuKysipHbie ocu Oy. [Tonyyaercs: popmyna:

_Ntn
B

3anavya. JlokaxuTte, 4TO 4YeThIpeXyrojbHUK ABCD c BeplIiMHaMu B
toukax A(-2; 1), B(0; 4), C(4; 1) u D(2; -2) saBasieTcsl napajjieorpaMMOM.

Pewenue. Kak u3BeCTHO, MO MNpHM3HAKy IapajjejorpaMma ueTbipex-
YTOJIbHUK, AMAaroHaJli KOTOPOTO TOYKOU MepecedyeHus: ACNSITCS IomosiaM,
SIBJIIETCSl mapasuiesorpaMmMmoM. Halinem KoopauMHaThl CEpelvHbI AMaroHauein
AC n BD nannHoro yetbipexyroibHuka ABCD. Cepenuna orpe3ka AC umeer
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KOOpAWHATHI:
1+1

—2+4
X=——= I, y= 5 = 1.
CepenuHa otpe3ka BD umeeT KOOpAUHATHI:
_0+2 _4+(-2)
== I, y= = 1.

Hrak, otpesku AC u BD umerT oburyo cepenuny (1; 1), T.e. 4eTbl-
pexyroibHuk ABCD — mnapaienorpaMmm Io Npu3HaKky 3.

Bonpocust, 3a0auu u 3adanus

1. 1) Kak Ha3bIBalOTCS OCUM KOOPAMHAT U TOUKA UX MepeceueHus?

2) Kakasi TJI0CKOCTb Ha3bIBA€TCSI KOOPAMHATHON ILIOCKOCThIO? YTO

TaKoe KOOPAMHAThl TOUYKM Ha KOOPIAMHATHOM IJIOCKOCTH?

2. U3 Touku A(4; —5) npoBeneHbl MEePHEeHIMKYISIPbl K OCSIM KOOpPAMHAT.
Hanuiuvre KoopanHaTbl OCHOBAaHMM 3THUX MEPIEHAUKYISPOB.

3. Omnpenenure, B KaKOi KOOPAMHATHOW YETBEPTHU JIEKUT Touka A(X; y),
€CJIU:
x=-4,y=-6; 2)x=-3,y=5 3)x>0,y<0; 4)x>0,y>0.

4. Haiinute KoopauHaTbl cepeAuHbl oTpe3ka AB, eciu: 1) A(-12; -3),
B(-8; 1);  2) A(4; -11), B(-4; 0);  3) A(-2; 9), B(-2; 7).

5. Touka C — cepenuHa orpe3ka AB. Haiinute koopauHatel: 1) Touku B,
ecau A(2; -3), C(0,5; 1); 2) touku A, ecim C(0; —1), B(3; -3).

6. Jdanbr Touku A(-4; 0), B(-2; -2), C(0; —-6) u D(-2; —4). [Jokaxwure,
YTO YEThIpeXyrojbHUK ABCD — mapajenorpaMm.

7. Haiinute KOoOpAuMHAThl YETBEPTOM BeplUMHbI Tapaiesorpamma ABCD,
ecou: 1) A(2; 6), B(4; 7), C(8; 10); 2) B(-1; 4), C(3; 5), D(1; 3).

8. Touka C — cepeauHa orpe3ka AB, a Touka D — cepenuHa otrpe3ka BC.
Haiingute koopauHaThl TOYKU D, eciu:
1) A(=3; 3), B(5; -1); 2) A(-2; -1), C(2;3).

3HaTh 3TO MOJIe3HO!

I'eorpacuyeckas 1IMPoOTa U AOJITOTa HA MOBEPXHOC-
™M 3eMJIM Ha3bIBAIOTCS eeozpagpuueckumu KoopouHa-
mamu 310 Toukr. Ha Kaxmylo TOYKY HOBEPXHOCTHU
3eMIu COMOCTaBsIeTCs ABa MapaMeTpa — ero reorpa-
(uueckas 10JIroTa M IIMpOTa, U TOYHO TaK Xe Ha00O0-
POT 110 IBYM ITapaMeTpaM IeorpaduuecKoii JOITOThI 1
LIMPOTHI OMpPEAEIIeTCs] KOHKPETHAsI TOYKA Ha ITOBEPX-
HOCTH 3eMJIi. 3[eCh Napajuie/id ¥ MepUAaHbI BbITOJ-
HSIIOT POJIb OCEii abCIIMCC ¥ OPIMHAT B MPSIMOYTOJIEHOMI
CHCTEME KOODIMHAT.

Hanpumep, r. TamkenTt Haxomurcd Ha 069,20 BOCTOYHOI HOJIroTe ~ 69° 1
041,26 ceBepnoit mmpoTe ~ 41°, a r. Camapkang Ha 066,93 BOCTOYHOI JOITOTE
= 67° 1 039,65 ceBepHOIt 1MpoTe ~ 40°.
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‘ 32—-33. PACCTOAHUE MEXIY IBYMSA TOYKAMMU.
: YPABHEHUE OKPYXHOCTH

1. Paccrosinde MeXay IBYMSI TOYKAMH.

Teopema.

Paccroganne mMexnay AByms TouKamu A(x,;; y;) H B(x,; y,) Berumcasercs
no gopmyae:

AB:\/(xz _xl)z +(, _J’1)2 .

Jokazamenvcmeo.  PaccmoTpum
@ VA CHAayajga Cciydail, Korma x,#X, WU
B(O; ) B(x;y) | y,#y, [TlpoBemeM dYepe3 IaHHBIE

TOYKU A U B mipsMbIie, MHepreHIu-
KYJISIpPHBIE OCSIM KOOPAWHAT, U 0003-
HauuM TOUYKy uX mnepeceueHus C
(puc. 1). PaccrosiHue Mexmy Tou-

0: Oc xamu A u C pasHo |x, — x|, a pac-
A2( bl yl) . 2

Alx;; »,) crosiHue Mexay Toukamu B u C

|y, - »|. Wrak, u3 mpsiMoyroibHOro

0 100 0) Xes 0)>x tpeyronbHrka ABC o teopeme IMu-

(¢paropa umeem:

AB2 = (X, = x)*+ (= y)% Wi AB=(x, -x Y + (0, -3) . (1)

Xots1 popmyna (1) mst pacCTOSIHUSI MEXIy TOUKaMU BbIBeJ€HAa HaMU B
MPEANOJOXEHUU X, # X, U Y| # ),, OHA OCTAETCS BEPHOM U B IPYTUX CIIyyasiX.
JIelfiCTBUTEIIBHO, €CIIM X=X, U Y, # )5, T0 AB =y, —y,|. ToT xXe pesynbrar
JlaeT M TOJbKO UTO HoKazaHHas ¢dopmysa (1). AHajJormyHo paccmaTpuBa-
ercd ciaydail, Korga x,#x, U y,=y,. llpu x,=x, u y,=y, Touku A u B
coBnaaaioT u gopmyna (1) naet AB= 0.

3anaya 1. BepiuuHbl yeTbipexyrojibHuka ABCD MMeEOT KOOPAMHATHI
A(=2; 1), B(0;4), C(4;1) u D(?2;-2). dokaxure, uto ABCD — mnapaie-
JIOTpaMM.

Pewenue. Kax wu3BeCTHO, MO 2-OMy TMPU3HAKY MapaljieiorpaMmma,
YEThIPEXYTOJbHUK, MPOTHUBOJIEXKAIIIME CTOPOHBI KOTOPOIO PaBHBbI, SIBJISIETCS
napasuiesorpaMmmoM. Haitnem mivHbl CTOpOH yeTbipexyroibHuka ABCD:

AB =\J(0-(-2))> +(4-1) =/13; BC=(4-0) +(1-4) =25 =5;

CD=(2-4) +(2-1) =13; AD =2 -(-2)) +(-2-1) =25 =5.

Utak, AB=CD n BC= AD, T.e. 4eTbipexyroibHUK ABCD — mapain-
JIeJIorpaMM I10 MPU3HAKY.
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2. Ypapuenue ¢urypsl Ha NIOCKOCTH. JYpagueHuem @ueypsl B JeKap-
TOBbIX KOOpAMHATaX Ha IUIOCKOCTM HAa3blBACTCSd YpaBHEHUE C JBYyMS
HEU3BECTHBIMU X U J, KOTOPOMY YIOBJIETBOPSIOT KOOPAMHATHI OO0 TOYKU
(urypsi. 1 ob6patHo, J100bIE ABa YKCa, YIOBIETBOPSIOIIME 3TOMY YpaBHE-
HUIO, SIBJISIIOTCSI KOOPAMHATaAM1 HEKOTOPOM TOYKMU (PUTYPHI.

3. YpaBHeHune OKPY:KHOCTH.

Teopema.

B npsiMoyroJibHO# cHCTeMe KOOPIAHHAT ypaBHEHHE OKPYKHOCTH pajuyca
R c uentpom B Touke C(a; b) nmeer BUA:

(x—a)’+(y-b)*=R

Hoxazamenavcmeo. IlycTb B IIpsAMOY-
roJIbHOM CUCTeME KOOpIMHAT 3aJaHa OK-
pyxHocTb paguyca R (R>(0) ¢ ueHTpoM B
touke C(a; b) (puc. 2). Boibepem mnpous-
BOJIbHYIO TOYKY OKpyXHOCTU A(x; y). Ilo
OIpPENCICHUI0 OKPYXHOCTU PAacCTOSIHUE OT
LIEHTpa 10 MPOM3BOJIbLHON TOUKM OKPYKHOC-
™ paBHO paguycy R, T.e. CA= R, u cue-
nosarenbHo, CA?= R?. 3amnucaB 3TO paBeH-
CTBO B KOOpAMHATAX, MOJYyUYUM:

(x-a)?+(y-b?=R. 2)

IMockonbky A — MpPOM3BOJIbHASI TOYKA OKPYKHOCTH, TO 3TOMY YpaB-
HEeHUIO (2) YIOBIETBOPSIIOT KOOPAMHATHI JIIOOOI TOYKU OKPYKHOCTH.

O6parHo, 1100ast Touka A, KOOPAMHATHI KOTOPOI YIOBIETBOPSIIOT ypaB-
HeHUIo (2), MPUHAUIEXUT OKPYXKHOCTHU, TaK KaK pPACCTOSIHME OT Hee 10
touku C paBHO R. Orcioga cienyeT, 4yTo ypaBHeHUe (2) OeiCTBUTEILHO
SIBJISIETCS] ypaBHEHUEM OKPYKHOCTHU € IIeHTpoM B Touke C u pagmycom R.

TeopeMa mokaszaHa.

Cnencreue. OKpYyKHOCTh paauyca R ¢ IEHTPOM B Hayajie KOODPIAMHAT
3a/aeTcs ypaBHeHMEM BHAA:

. 4

(0] a

x4+ y2 = R?,
3anaua 2. OnpeneanTe LIEHTP U PaguyC OKPYXKHOCTH, 3aJaHHON ypaB-
HeHMeM x* —4x + >+ 2y — 11 =0.
Pewenue. TlpuBeneM naHHOe ypaBHeHUe K BuUny (x—a)’+ (y—b)>=R%.
3ameruM, 4TO X? — 4x MOXHO 3anucarh B Buae (x —2)>—4, a y> + 2y B BUze
(y + 1)2— 1. IogcraBUM 3TH BHIPAXEHUS B JAHHOE YPaBHEHUE, TTOTYUMM:

(x-22-4+(y+1)2-1-11=0, umn (x-2)>+(y+1)>=4
DTO ypaBHEHUE 3aJaeT OKPYXKHOCTb C LieHTpoM B Touke C(2; —-1) u
paguycom 4.
Omeem: (2; -1), R=4.
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~n =

10.

11.

Bonpocst, 3a0auu u 3adanus

. 1) Kak BbIpaxkaeTcsi pacCTOSIHME MEXIy TOUYKaMU 4Yepe3 MX KOOpAu-

HaTbI?

2) Uto Takoe ypaBHeHUE (PUTyphl B 1eKaApPTOBBIX KOOpAMHATAX?

3) Kakum ypaBHeHUMEM 3a/1aeTcsl OKPY>KHOCTb Ha KOOPAMHATHOM IJI0C-
Koctu?

. Haitnure nnuny orpeska AB, ecnu:

1) A(=3;8), B(5; 2);  2) A -1), B(-T7;7);  3) A(5; 0), B(0; -12).

. Haitnute x, eciu: 1) paccrosiHue Mexny Ttoukamu A(2; 1) u B(x; -2)

paBHO 5; 2) pacctostHue Mexnay Toukamu A(x; 0) u B(2; —1) paBHo 1.

. Haitnute nepumerp tpeyronbuuka ABC, eciu A(-1; 2), B(2; 6), C(5; 2).

CocTaBbTe ypaBHEHHME OKPYXXHOCTU C LIEHTPOM B Touke C U pagmycoM
R, ecmu: 1) C(7; 11), R=35; 2) C(-2; 3), R=1.

. Onpenenure LIEHTP U paauyc OKPYXKHOCTH, 3aJaHHON ypaBHEHUEM:

D (x -2+ (-5 =75 2) (x+ 2+ (y-5)=4

. Onpenenure LIEHTP W paauyc OKPYXKHOCTH, 3aJaHHON ypaBHEHUEM:

1) x2-6x+y*+2y-6=0; 2) x2+y?+10y+24=0.

. 1) Onpenenute Bua TpeyrojibHuka ABC, ecid ero BepLIMHbI MUMEIOT

koopauHatel A(0; 0), B(0; 2) u C(2; 0).
2) Jlokaxute, 4To TpeyroabHUK ¢ BepumHamu A(1; 0), B(2; 3) u
C(8; 0) paBHOCTOPOHHMUIA.

. CocraBpTe YypaBHEHHE OKPYXHOCTU C LeHTpoM B Touke C M

panuycoM R, eciu: 1) C(9; 4), R=7; 2) C(-3; -4), R=2.
Omnpenenure UEHTP U PaaIUyC OKPYXKHOCTH, 3aaHHON ypaBHEHUEM:

1) (x -7)+(y+2)*=25; 2) (x—-4)+y>=1.
Ha okpyxHocTH, 3a1aHHOI ypaBHEHHEM x> + ) = 169, HailiiTe TOYKMU:
1) ¢ abcuuccoii 3; 2) ¢ opauHaroit —12.

\

3HATh 3TO MOJE3HO!

ITaxmaTbl (IT0 IEPCUICKU ULOXMOM — KO-
poJtb (111aX) pourpa) Bua cropTa. Lleas urpb:
MOPa3UTh KOPOJs comepHuKa. MrpaeTcs Ha
JIOCKE, COCTOSIIIEN U3 IBYX 1IBETOB (O€IbIil 1
YEPHBIN) U C GUTypaMu IBYX LIBETOB (OEIbIi
U YEPHBIN): TI0 1-oMy KopoJio 1 dep3io, 1o
nBa (2) cioHa, KoHS U Jafaepu, 8 meiek. C mo-
MOIIIBIO 3aIllMCeN IIaXMaTUCTa BBl MOXETE
IPOYUTATh BCE XOIbI, KOTOPBIE ObUIH CEIaHbI
B IPOIIECCE UTPHI.

N W A U1 &N R

b

Hanpumep, 3anuchk KoHb b1-¢3 o3Hauaer
nepexol KOHA U3 aueiiku bl B sueiiky c3. Bee a c d e f g nh
| 3TO cucTeMa KOOPIMHAT Ha LIAXMATHO JOCKE. b1-c3
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34. YPABHEHUE IIPIMON. METOJ KOOPAMUHAT I1PU ’
PEINIEHUN TEOMETPUYECKUX 3AJAY

~

1. YpaBHenune nmpsMoii.
Teopema.

B npsiMOyroJibHO# cHCTeMe KOOPAMHAT YpaBHEHHE NMPSAMOii MMeeT BHI:
ax+ by+c=0, )
rae a, b, ¢ — HekoTOpBIE YKMCJIA, IPHYEM XOTSA Obl OJHO M3 4YKMce] a U b He
PaBHO HYJIIO.

Jlokazameavcmeo. I[lycmv | — TPOU3BOJIb- y
Has npsMasi B MPSIMOYTOJbHOW CUCTEME KOOp- @ fA(XIS »)
nuHat. IlpoBegeM Kakyio-HMOYIb IIPSIMYIO,
MEePHEeHAMKYJSIPHYIO MPSIMOI /, 1 OTJIOXKMM Ha

Heil or Touku mnepeceyeHuss C ¢ IpsaAMoOi / ¢ Dix; y)
[ paBubie orpe3ku CA u CB (puc. 1). Ilyctb

X;, ¥; — KOODAMHATBI TOYKU A U X,, Y, — KOOp-

avHaTel Touku B. TpoussonbHasg Touka D(x; y), l Bx;; y,) >
Jexalnas Ha MpsIMOii / paBHOYIAJeHa OT TOYEK 0| X

A u B, t.e. DA= DB, orkyna DA>= DB?* 3a-
[ACAB 3TU PAaBEHCTBA B KOOPAMHATAX, UMEEM:

2 2 _ 2 2

(x=x)?+ @ -y)=@x-x)+0-n)’. (2)

Eciun B 3TOM ypaBHEHUM pacKpbITb CKOOKM M TIEPEHECTU BCE WIEHBI
ypaBHeHUs (2) B JIEBYIO €ro 4acTh, TO OHO MPUMET BU/I:

2 2 2 2y —
20x) = x)x + 20, = yy + (xX° + y)7 = %7 + 3,°) = 0. (3)

ITockonbky Xx;, y,, X,, ¥, — HEKOTOpBIE YHCIa, TO, OOO3HAYUB
26 -x)=a, 2(0,-y)=b u x2+y’-x>+y’=c, U TOACTABISISI UX B
ypaBHeHUe (3), TOJy4uM ypaBHEHUE:

ax+by+c=0,
rae a, b 1 ¢ — HEKOTOpble YMcIa.

ITockonbky D — mpou3BoJibHAsI TOYKA MPSIMOK /, TO 3TOMY YpaBHEHUIO
YIOBJIETBOPSIIOT KOOPAMHATHI JII0O0K TOYKM JTaHHOU MPSIMOIA.

[lycts Tenepp uyucna x, U y, — KOOPAMHATBl HEKOTOPOM TOYKU D, —
yAOBJIETBOPAIOT ypaBHeHue (1). B artom cayyae DA = D,B, T.e. Touka D,
paBHOyJajeHa OT TOYKU A W B, cieaoBaTelbHO, NMPUHALIEKUT CEPEavH-
HOMY TEePHEHIUKYISAPY K OTpe3Ky AB — mpsiMoit /.

ITockonbky A 1 B — nBe pa3Hble TOUKHU, TO XOTsI Obl OIHA M3 pa3HOCTEM
(x, — x;) wm (y, — y;) HE paBHa HYJIO, T.€. XOTSI Obl OIHO U3 YKUCENd a U b
00513aTeJIbHO HE PaBHO HYJIIO.

3anaya 1. CocraBbTe ypaBHEHHE IIpSIMOI, KOTOpasi MPOXOIMUT uepe3
touku A(l; —1) u B(-3; 2).
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Pewenue. Kax ™Mbl 3Haem, npsimass AB wuMeeT ypaBHEHME BuAa
ax+by+c=0. Touku A u B nexar Ha npsiMOil AB, a 3HAYUT, UX KOOP-
NUHATBl YAOBJICTBOPSIIOT O3TOMY YypaBHeHMI0. [loacTaBissi KOOpAuMHATHI
ToueK A 1 B B ypaBHEHUE MPSIMOM, MOTYYUM:

a1+b-(-1)+c=0, a (-3)+b-2+c=0, wmn
a-b+c=0, -3a+2b+c=0.

M3 aTux ypaBHEHMIT MOXHO BbIpa3uTh JiBa KO3dduiimeHTa, Hampumep,
a u b, yepe3 Tpetuil c¢: a=3c, b=4c. Iloacrasnsist 3T 3HauYeHust a U b B
ypaBHeHUE MpsiMoit, moxyuuM: 3cx +4cy + ¢ =0, rne ¢ # 0.

DTO ypaBHEHME MOXHO COKpaTUTh Ha c¢ (Tak
YA @» Kak ¢ # 0). Torna monyuum: 3x +4y +1 = 0.

DTO U eCcTh ypaBHEHME Hallel npsaMoil AB.

Yo Y=y, 2. Pacnonoxenue mnpsAMOiA B TNPAMOYTOJIbHOM
cucreme KoopauuHar. PaccMOTpuM TpuU  4YacTHBIX
clyyasl pacroJiokeHusi mpsiMoil ax+ by+c=0 B
0 » | NPAMOYrOJbHOM CUCTEME KOOpAMHAT. BblsicHUM,
JUISL KaXXJI0To ciiydasi, KakK pacrnojoXxeHa ImpsiMasi oT-
HOCHUTEJIBHO OCel KOOpAMHAT.

Cnyyaii 1. a=0, b=0. B sTom ciyyae ypaB-
x=x HEHMe TIpsiMoii mpuodOperaer Bua by + c=0, wim

c
Y = Yy TA€ Yo =—7 — HEKOTOPOe 4MCIIO. [Mpsmas
¥y = ), napajuieJipbHa ocu abCLMCC, TaK KaK BCE TOY-
0 X, % | KU TpSMOHA HMMEIOT OHHY M Ty XK€ OpIMHATY
(puc. 2, a). Ecim ¢=0, TO mpsimasi COBIIaiaeT C
Hell. YpaBHeHUe ocu abcuuce umeeT Bua y = 0.

Ya Cnyuait 2. a#0, b=0. B srom ciyuyae ypaB-

HeHMe mpsiMoit mpuobperaer Bua ax + c=0, win
X =X, TOe Xo = —% — HekoTopoe uucio. IIpsamas
X = X, apajljieJlbHa OCU OPAMHAT, TaK KaK BCE TOY-
0 B | KM IpAMON MMEIOT OOHy M Ty Xe abcumccy
(puc. 2, 6). Eciu ¢ =0, To npsimasi COBNagaeT c Heu.
YpaBHeHue ocu opauHAT uMeeT Bu X = 0.

6

Cnyuaii 3. a#0, b#0, ¢=0. B sTOM clyyae ypaBHEHHUE IIPSIMON

npuodpetaeT BuI ax + by=0, wim y=kx, roe k = —% — HEKOTOpOE€ YUCJIO.

IIpsimas y = kx poxoauT yepe3 HavyaJlo KoopauHaT (puc. 2, ).

3. MeTroa KOOpAMHAT NMpH pelieHHWH reoMeTpuyecKux 3anad. PopMyibl
HaXOXJICHUSI KOOPAMHAT CepeArHbl OTpe3Ka M PacCTOSTHUSI MEXIY TOUKaMu
MOXHO MCIIOJIb30BaTh ISl pellieHUsl TeoMeTpuuyeckux 3aaad. C 3Toi 1esblo
CJeyeT BBECTH IPSIMOYTOJbHYIO CUCTEMY KOOPAMHAT M 3aIMcaTh YCIOBUE
3aJauM B KoopauHaTtax. Ilocjie 3Toro peiieHue MPOBOAMTCS C ITOMOIIbIO
ajareOpanyeckKmX BbIYMCICHUIA.
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y
HY3bl TPSIMOYTOJBHOTO TPEyrojibHUKa paBHOYyAAJIe- A
Ha OT BCEX €ro BEpPIMH. A

3amaua 2. JlokaxuTe, 4YTO CepeauHa TUIIOTEe- @

Pewenue. PaccMOTpUM TPSIMOYTOJIbHBIA Tpe-

yronbHUK ABC (£C=90°). O6o3HauuM OykBoii D D

cepeuHy runoTeHy3bl AB. BBenem mpsiMOYyroJibHYIO

CUCTEMY KOOpAMHAT TaK, KaK MOKa3aHO Ha puc. 3. >
Eciu BC=a, AC=b, TO BeplIMHbl TPEYrojibHUKA C B x

umeror koopauHatel C(0; 0), B(a; 0), A(0; b). Ilo

(bopmynaM KoopAMHAT CepelrHbl OTpe3Ka HaXOAUM
koopauHaThel Touku D: D(0,5a; 0,5b).

[Monb3ysicb opMy/noil pacCTOSHUSI MEXIy TOYKaMM, Haiaem JJIMHbI

otpe3koB DC u DA:

DC =J(0,5a) +(0,5b)" =/0,25(a> +b*) =0,5va> + b ;

DA=/(0,5a) + (0,56 - by =4/0,254% +0,256* =.[0,25(a* + 07 ) = 0,5V +b*.

'~

Taxkum obpazom, DA = DB = DC, uyto u TpebOBaJOCh 10Ka3aTh.

Bonpocst, 3a0auu u 3adanus

1) [HokaxwuTe, 4TO mpsiMas B MPSIMOYTOJbHON CHUCTeME KOOpAMHAT
UMeeT ypaBHeHUe Buaa ax + by + c¢= 0.

2) Kak pacnonoxeHa npsmas ax+ by+c=0, ecniu B ee ypaBHEHUU
koa(pduuueHt a=0 (b=0; c=0)?

. Onpenenute, Kakue u3 Touek A(3; -1), B(-3; 0), C(12; 5), D(3; 0) u

E(-9; -2) nexar Ha npsMoi, a Kakue He JiexaT Ha IpsMoi
x-3y+3=0?

. CocraBbTe ypaBHEeHUE NPsSIMOii AB, KOTOpasi IPOXOAUT Yepe3 TOUKU:

1) A(1; 7) m B(-3; -1); 2) A(2; 5) n B(S; 2); 3) A0; 1) u B(-4; -95).

. UeMy paBeH KO3(UIIMEHT ¢ B ypaBHEHUM X+ y+c=0, eciau mpsmas

MIPOXOAUT yepe3 Touky (1; 2)?

. Uemy paBHbI KO3(pDULIMEHTHI @ U b B ypaBHeHUU OpsiMoit ax + by —1 =0,

€CJIM U3BECTHO, YTO OHa IpoXoauT uepe3 Touku (1; 2) u (2; 1)?

. HaiinuTe TOukM mepecedyeHusl MpSIMOM C OCSIMU KOOpPAMHAT, 3aJaHHON

ypaBHEHUEM:
1) x+2y+3=0; 2) 3x+4y=12; 3) 4x-2y-10=0.

. IIpoBepbre, saBuserca au Touka C(4; 2) cepeauHoil oTpe3ka AB, eciu:

1) AG; -1), B(5; 5);  2) A(3; 6), B(=5; -2).

. Omnpenenute, kakue uz touek A(0; -2), B(4;2), C(-4; -5) nexar Ha

MpsIMOM, a KaKue He JiexaT Ha npsaMoit 8x — 4y — 8 =07?

. CocraBbTe YpaBHCHUA IIPpAMBIX, COACPXKAIIIMUX CTOPOHBLI TPEYroJbHHNKA

ABC, ecim A(-1; 1), B(-1; 3) u C(2; 2).
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S 8. BEKTOPBI HA INIOCKOCTH

BEKTOPA

1. Bekropusie Besmunubl. Bekrtop. M3BecTHhle BaM M3 Kypca MaTeMa-
TUKA W (U3UMKM BEJIUYMHBI MOTYT ObIThb JABYX BUIOB. ECTb BeJIMYMHBI,
KOTOpPBIE BIIOJIHE OINPEIEISIOTCS CBOMMU YMCJIEHHBIMU 3HAYE€HUSIMU (TIpU
MIAHHBIX €AMHUIIAX U3MepeHus ). Harpumep, mivHa, niouanb, Macca.

‘ 35. IIOHATUE BEKTOPA. JJINMHA W HAITPABJIEHUE

P,

Onpenenenne 1. Beauuunvi, Komopvie HOAHOCMbIO ONPEOeNTIOMCS
CBOUM YUCN0BbIM 3HAYEHUEM, HA3bIBAIOMCS CKAAAPHbIMU GEAUMUHAMU, UAU
cKaiapamu.

Ho cymiecTByloT M Takue BeJWUYMHBI, KOTOpbIE 3adal0OTCSI HE TOJIbKO
CBOMMM YMCJICHHBIMM 3HAuY€HUSIMM, HO UM HampaBieHusMu. Hampumep,
CKOPOCTb, CHJIa U JaBJICHUE.

Bexmop — 53TO ofHa U3 OCHOBHBIX T€OMETPUUYECKMX BeJIWM4uH. s
TOrO, UTOOBI TMOJYYUTb HAIJISIAHOE IpEeACTaBIeHME O BEKTOPE, €ro MOXHO
“300pa3uTh B BUIE HANpaBJIEHHOro OTpe3Ka, JUIMHA KOTOPOrO paBHA €ro
YUCJIEGHHOMY 3HaueHuio. Eciu roBopuTh O BeKTOpax IO CYIIECTBY, IMpa-
BUWJIbHEE OyIeT TOBOPUTh O MHOXECTBE BCEX HaIlpaBJIEHHBIX OTPE3KOB,
KOTOpBI€ JIeXXaT Ha IMapajuleJIbHbIX MPSIMbIX, UMEIOT OAMHAKOBbIC JJIMHbBI U
HarpaBJICHMUSI.

Onpenenenne 2. Beauuunol, Komopvie Xapakmepuzyomcs He MOAbKO
YUCA0BbIM 3HAYEHUeM, HO U HANpaeieHuem, HA3bl8aAOMcs 6eKmOpPHbIMU
GeAUMUHAMU, UNU KOPOHe 6eKMOPAMU.

PaznuuHble 3a1auM MeXaHUKU, PU3UKU MU MATEMaTUKU, CBOASIIMECS K
UCCJIEIOBAHUIO BEJIMUUH, KOTOPBIE XapPaKTEPU3YIOTCS HE TOJBKO YUCIOBBIM
3HAYEHUEM, HO W HaIlpaBJ€HUEM, MPUBOIIT K IOHITHIO BekTopa. Hampu-
MEp, CUJIa, CKOPOCTh SIBJISIOTCS BEKTOPAMU.

MbI yacTo BCTpedyaeMcs C BEKTOpaMU Ha IIPAKTUKE, HANpUMep, Mpu
JNBVDKEHUM HA TPAHCIIOPTE MBI OLIYIIAEM MTOBOPOThI, TOPMOXEHUS U IPYTUe
U3MEHEHUSI CKOPOCTHM KaK BEKTOPbl. B €CTECTBEHHBIX HayKax, Hapsily CO
CKOpPOCTBIO, UMEIOT JIEJI0O C YCKOPEHUEM, CWJIOW MHEPLUUU, LEHTPOOEKHOM
CUJION ¥ TOMY IOJOOHBIMM BEIMYMHAMM.

0 @ Py
oHely
a 6ekmopa B FEcau A= B, 10
A B A b —
Bexmop omaooicen Hauaro HYN1e801l 6eKMOp
om mouxu A a eexmopa 0
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Mpb1 Oynem u3ydyaTb CBOMCTBA BEKTOPOB C TOUYKM 3PEHUS MaTEMAaTUKU,
HE3aBUCUMO OT MPOUCXOXIEHUS U npuponabl. KoHEYHO, 3TO uU3yyeHUe
MPUBOIUT U K TTOHUMAHUIO TIPUPOJBLI BEKTOPOB.

YucioBoe 3HAUYCHUE BEKTOpa M300pa3MMm B Buae oTpe3ka. M3BecTHO,
yTo y JIIOOOro oOTpe3ka JBa KoHLA. OOuMH KOHEll OTpe3ka Ha3bIBaeM
Hauaaom, a JOPYro — KoHyom BEKTOpa. PUCYIOT HampaBJIEeHHBIE OTPE3KU
BCEIIa CO CTPEJKOM Ha KOHIIE.

Onpeueﬂeﬂne 3. Belcmopom Hassleaemcs Hal’lpa&/leHHbllZ ompe3oK, m.e.
ompe30K, y Komopoco YKAa3dHbl €20 Ha4dao U KOHel,.

__Bexrop ¢ HavasoM B TOUKe A U KOHLIOM B TOYKE B 0003HayaeTcs Tak:
ABw uzobpaxkaercsl B BUIIE€ CTPEJKHU, C HayaJoM B TOYKe A U KOHIIOM B
Touke B. BekTopbl 0003HAYAIOTCs TaKXKe M OLHOW CTPOYHOW JIATMHCKOMN
OyKBOIi1 co cTpesikoii Haa Heil. Hanpumep, d, b u T.4. (puc. 1).

Ymenue: BexTop AB wnu BekTOp d.

1) Hanpasaenue BexTOpa onpenessieTcsl ykazaHMeM ero Hadyajaa M KOHIIA.
IIpu aTOM Havasio BeKTOpa yKa3blBalOT Ha MEpPBOM MecTe (puc. 2, a).

Bekrop, Hayajgo M KOHELl KOTOPOTO COBIAAIOT, HA3bIBACTCS HYA€6biM
eexmopom. 3anuch AB =0 o3Hauaer, uTo TOUKU A U B coBnagaioT (puc. 2, 0).

2) Abcoaromuoil 6eauuuHoU WA MoOyieM BEKTOpa Ha3bIBaeTCsl UIMHA
OTpe3Ka, U300paxarolero BeKTop.

Jluna (modyas) BekTopa AB, @ obosnauaetcs Tak: |AB|, lal (puc. 3).

Jlwuna (modyas) eekmopa G = AB — 9TO [UIMHA HAIPABICHHOTO OTPE3-
Ka, WIM, mo xce camoe, Oauna ompeska AB: |al - |48 IlosToMy B reo-
METPUM MOJYJIb BEKTOpA HA3bIBAETCSl TaKXKe OAUHOU 6eKmopa.

Modyab (Oauna) HyJI€BOTO BEKTOpa CUMTAETCSl paBHOM HYJIIO: |6| =0.

2. PaBeHCTBO BEKTOpOB.

Onpenenenne 4. Henynegvie 6ekmopvl HA3bI8AIOMCS KOAAUHEAPHBIMU,
ecau OHU nexcam Ha OOHOU NPAMOU UAU HA NAPAANEAbHbIX NPIMbIX.

KosumHeapHOCTb BEKTOPOB d@ U b 0GO3HAYAIOT TaK: & || b .

Jlea HeHnynesvix eekmopa, NexalllMe Ha TapalIeJbHbIX MPSIMbIX, Ha3bl-
BaloTcs: 1) conanpasaenHbiMu, €CIM OHU JieXaT B OJHOM MOJIYIIJIOCKOCTU OT
MpSIMOM, TIpoxoisiueit 4epe3 ux Hadana (puc. 4); 2) npomusonosoicHo
HanpaeaeHHbIMU, €CJIM OHU JIeXKaT B Pa3HbIX MOJIYILJIOCKOCTSIX OTHOCUTEIBLHO
NPSAMOIA, TIPOXOMIALIEH Yepes3 uxX Havana (puc. 5).

Ecnu Bektopel AB u CD: 1) conanpasenenss, To mumytr: AB ™ CD;
2) npomueonoaoicro Hanpaeénensl, To myT: AB N CD.

© O

QU

79



HyneBoii BeKTOp cuMTaeTCsl KOJUIMHEAPHBIM JIIOOOMY BEKTODY.

Onpenenenne 5. Jlea eekmopa (G u b) Ha3vlearomcs pasHvIMu, ecau

OHHM COHaIpaBJICHbI U UX AJIMHBI PaBHBLI.

Takum 06pasom, BeKTOpbl & WM b pasHbl, ecnn |d|=|b| u a7 b.

PaBeHCTBO BeKTOpOB d U b 0OOO3HayaeTcs Tak: d = b.

Bexktop, paBHBIii JaHHOMY, MOXHO W300pa3uTh HaIlpaBJICHHBIM OT-

pPE3KOM ¢ HayajoM B JIIO0OI TOUKe TUIOCKOCTU (pHUC. 6), MHBIMU CJIOBaMH,
BEKTOP MOXHO OTJIOXWTb OT JIIOOON TOUKU IJIOCKOCTU C COXPAHEHUEM €ro
MOJIyYJIs M HamnpaBjieHUsi. [0BOPST, UTO BEKTOp, OTJIOXEHHBI OT JaHHOM
TOUYKU, MOJIYUEH AapaiiesbHbiM NEePeHOCOM UCXO0H020 6eKmopa.

1.
?

2.

Bonpocst, 3a0auu u 3adanus

1) Yto Ttakoe BekTop? Kak 0003HaUalOTCsI BEKTOPHI?

2) Kakue pgBa BekTOopa Ha3bBalOTCS paBHbIMU? Kakue BeKTOpbI
Ha3bIBalOTCSI COHAMpPaBAEHHBIMU (IMMPOTUBOIMOJIOKHO HampaBA€HHBIMM)?
Yro Takoe abCoJIOTHas BenyrMHa (MOAY/Ib) BeKTOpa?

B napannenorpamme ABCD (puc. 7) 3anuiiuure BeKTOpbl: 1) coHampas-
JeHHble ¢ BekTopomM DC; 2) coHampasieHHble ¢ Bektopom AO;
3) NMPOTUBOMOJIOKHO HAIpaBJIEHHbIE C BEKTOPOM E; 4) MpPOTUBOIO-
JIOXXHO HAITPaBJIEHHBIE C BEKTOPOM B—D; 5) paBHbIE BEKTOPY ﬁ;
6) pasuble BekTopy OC ; 7) paBHbIC BeKTOpPY OB.

B napamnenorpamme ABCD nuaroHanu mnepecekawoTcs B Touke O.
3anuilnTe BCEe BEKTOPhI, MMEIOIIME HayaJlaMyd M KOHIIAMU BEPILMHbI
TMapajieJiorpaMmMa U TOUKY TepecedeHust nuaroHaneil. Kakue ns Hux

KoJUIMHeapHb! Bektopam AB, BC u BO?

Hokaxwure, uro B napajienorpamme ABCD BeKTOpbI AD u BC pPaBHBI.
W3BecTHO, 4TO AB =CD. BepHbl 1 ciienyioliue yrBepKAECHUS:

1) AB| CD; 2) |AB| =|CD|?

ABCD — mapannenorpamm. Cpeau BEKTOPOB Ha pHUC. 8 YKaXUTE BCe

rnmapol BEKTOPOB, KOTOpble: 1) KOJUIMHEapHbI; 2) COHaNpaBJieHbI;
3) NPOTUMBOMOJIOXKHO HaMpaB/ieHbl; 4) UMEIOT OJUHAKOBbBIE MOIYJIN.

YTo MOXHO cKa3aTh O HampaBJAeHUSIX BEKTOPOB AB u BA?

@B CBC7

S
a

)
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( 36—37. CJIOXKEHUE U BLIYUNTAHUE BEKTOPOB /i

1. Cnoxenne sexrtopos. IlycTh maHbl BeKTOpsl d u b (puc. 1, a)
OTMETUM TIPOUBBOJIBHYIO TOUKY A U OTJIOXHUM OT 3TOil TOUKM BEKTOp AB,
paBHBII BEKTOPY d . 3aTeM OT TOYKU B OTIOXUM BC , paBHbIit BeKTOpY b .

Tenepb U3 TOUKU A, Havyajla BeKTOpa d, MpoBeleM BeKTop B Touky C,
KoHew BekTopa b (puc. 1,6). Bekmop AC Hazviéaemcsi cymmoili eexmopos
d u b. DTO NMpPABWIO CIOXEHWsI ABYX BEKTOPOB HA3BIBACTCSI <«APAGUAOM
mpeyeoabHuKa (mpex mo4ek)».

CyMMa BEKTOpPOB d U b 0GO3HAYAETCS TAK: G + b .

[IpaBuio TpeyrojbHUKa MOXHO CHOPMYIUPOBATh TaKXKe CIEAYIOLIUM
o0paszoM:

ecau A, B u C — npouzsonvubvie mouku, mo:

AB+ BC = AC .
L 4

IlomuepkHeM, YTO 3TO PaBEHCTBO CIPaBEMJIUBO [JIsI MPOU3BOJBHBIX
Touek A, B u C, B 4aCTHOCTH, B TOM CJy4yae, KOrja JIB€ U3 HUX WU Jaxe
Bce Tpu coBnagaior (puc. 1, ¢).

2. 3akonbl cioxenus BekTopoB. Kak Bbl 3Haere, MPOTHBOJIEXKAILIME
CTOPOHBI MapajuieJlorpaMMa paBHbI M TMapajliejbHbl. Torma BEKTOPBI, UIYy-
1IME MO CTOPOHAM MapajuiesiorpaMMa B OJMHAKOBBIX HaIlpaBJICHMSIX, OyIyT
pPaBHBIMU.

[ycTb BeKTOPBL d U b — HEKOJUIMHEAPHbI. OT npou3BOJIbHOW TOYKU A
OTJIOXUM BEKTOPHI AB=d u AD=b w Ha 3THX BEKTOpax IOCTPOUM
napauienorpamMm ABCD (puc. 2). I1o npaBuiy TpeyrojibHuUKa:

AC=AB+BC=a+b n AC=AD+DC=b+a.
Orcloga ciaenyer, yTo d+b=>b+a.
3HAuUT, CyMMa JIByX BEKTOPOB HE€ 3aBUCHUT OT IOpsiKa claraeMbix, T.e.
JUUIS1 TIOOBIX BEKTOPOB d U b cnpagedauso paseHcmeo:

d+b=>b+a.
DTO paBEHCTBO BBIPAXKAECT nepemMecmumenvHol 3aK0H CIOXEHUST BEKTOPOB.

B napamnenorpamme ABCD, TOCTpOEHHOro Ha BeKTOpax d U b, BeK-
Top-cyMmmMa AC COCTOUT U3 AWAroHajy, IPOBEIEHHOU M3 OOIIEero Hadajia

@ b B b C C@B b C
A B
AB + BC = AC
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ciaaraeMbix BeKTOpoB. OOBIUHO, TaKO CIIOCOO CJIOXEHMSI BEKTOPOB Ha-
3bIBAECTCS «NPABUAOM NAPANLEA0CDAMMA» (pylc; 2).

Tenepb pacCMOTPUM CyMMY TpeX a, b u ¢ BekropoB. OT _Tpous-
BOJIbHOI TOUYKU A OTJIOXUM BEKTOP AB = d, OT TOYKU B — BekTOp BC=b,
a or Touku C — BekTop CD =¢ (puc. 3). IIpuMeHss MpaBUIO TPEYrob-
HUKa, MOJYyYUM:

(5+I;)+E =(E+B—C)+C7)=E+C7)=E;
L ) L ¢
"+(Z+E)=E+(?+@):ﬁ+@:ﬂ).
|

Otcioma cliemyer, 4To 0as A0bix 6ekmopos G, b m ¢ umeem mecmo
PABEHCMEBO (Ez + I;) +¢=d+ (Z) +E).

DTO paBEHCTBO BbIpaXKaeT coyemamenvhbill 3aKOH CI0XEHUSI BEKTOPOB.

CyMMma Tpex HEHYJIeBbIX BEKTOPOB MOXET OBbITb paBHA HYJIEBOMY
Bekropy. Hanpumep, PaccMOTPUM TPEYrONbHUK ABC (puc. 4). Cymma Tpex
BEKTOPOB AB, BC u CA, » VIyLIMX MO CTOPOHAM TPEyrolbH1Ka ABC pasHa
HYA€80MY B8eKmopy, m.e. AB + BC +CA=0. Wrak, eciu Hayaio MEPBOTO

BEKTOpa COBIIAJA€T C KOHIIOM MOCJEIHEro BEKTOpa, TO CyMMa JaHHBIX
BEKTOPOB paBHa HYJEBOMY BEKTODY.

Onpenenenne 1. Ecau cymma 08yx 6eKkmopoé pasHa HYAe60MY 6eK-
mopy, mo Kaxcoulli U3 3mux 6eKmopoe Ha3bleaemcs NpomuONn0.A0HNCHLIM
opyzomy.

WHaue, ect a+b=0, 1O BeKTOp b = BA HasbIBaercs npomueono-
JAOXCHBIM BEKTOPY 4 = AB (1 obOpaTHO) M 0OOO3HaAYaeTcs TakK: b=-a,
i=-b (puc. 5). Ecau cioXxuTh NpOTUBOMOJIOXHbBIE BEKTOPHI (MO MpaBUILY
TPEYTroJIbHUKA), TO B CYMME IIOJIyUYUTCS HYJEBOM BEeKTOp. B sTOM ciyyae
JUITMHBI BEKTOPOB d U b paBHbI, 1 OHU MapasuleJbHbl, U MPOTUBOMOJIOXHO
HarpasJjeHbl, T.e. |dl =|1;| uatlb. Hrak, das xaxucdoeo eexmopa a cy-
wiecmeyem makoi npoOMuUEoNOAONCHbIL 6eKmop —a , yumo a +(—a) =0

W3 BbllE U3JTOKEHHBIX PACCYKAEHUUN TIPUAEM K CIEAYIOIIEMY BBIBOLY.

Ilpomueonoaoxcnoimu eexmopamu Hasviearwomes 06a NPOMUBONOAONHCHO

HANpPAae/aeHHblX eéeKkmopa 00UHAKOBOU ONUHDYL.
Hyﬂb-eelcmop cuumaemcsa npomueonoaAO0NCHbIM CAMOMY cebe.

3) B b C (4) B (5) B

N
=
¢,
o
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3. Bbluuranume BeKTOpPOB. BhluMTaHME BEKTOPOB, KaK M BbIUMTAHUE
YyuCesl, 9TO JeMCTBUE, OOPATHOE CIIOXKEHMUIO.

Onpenenenne 2. Paznocmuro 06yx éekmopos d u b Hazvieaemcs maxou

geKkmop ¢ , oarowuill 8 cymme ¢ eekmopom b eexmop a: ¢ +b=a.

Pa3zHocTh BEeKTOpOB d M b Tak Xe, KaK pa3HOCTb YMce]l 0003HayaeTcs

TaK: d—b. BbluuTaHue IBYX BEKTOPOB OMpPEHENISeTCS KAK CIOXKEHUE Mep-
BOIO BEKTOpa C BEKTOPOM, ITPOTUBOIIOJIOXHBIM BTOPOMY M OH paBeH
BEKTOpY d +(-b) (puc. 6, 6).

ITycTb maHbl BeKTOpbl d@ u b (puc. 6, a). PaccMOTpUM CYMMY BEKTOPOB

d ¢ BEKTOPOM —b, IPOTUBOIOJOXHBLIM BEKTOPY b. - -
s aobvix eekmopos G u b cnpaeedauso pasencmeo a—b = a + (—b).

JleiicTBUTEILHO, (5 + (—b)) +bh=ad+ ((—B) + l;) =d+0
OT Kakoil Kakoii-1m60 To4ku O OTIOXMM BEKTOPHl d W b, TOTIA ISt

HaXOXICHUSI Pa3HOCTU d — b, yIOOHO MOJIb30BAThCS CISAYIOLINM ITPAaBUJIOM
(puc. 6, 6):

a.

OA-0OB = BA.
L S
N3 npasBuia BUAHO, YTO HAYaJOM BEKTOpPa Pa3HOCTU SABJIAETCSA KOHELl

BeKTOpa b, a KOHEll — KOHIIOM BEKTOpa 4, T.e. BEKTOP-Pa3HOCTU COCAUHSI-

T KOHIbI BEKTOPOB d M b M HAIPaBJICHBI B CTOPOHY YMEHBIIIAEMOTO.

Ecnu npu cioxkeHuM BEKTOPOB HCIIOAb30BaTh IPAaBUJIO Tapalijiesio-
rpamMa (puc. 7), pa3HOCTb BEKTOPOB MAET IO BTOPOW AMaroHajJIu Mapas-
JieJjorpaMma.

3agaua. Jau TtpeyroasHuk ABC. Beipasute Bextopsl: 1) BA; 2) CB;:
3) CB + BA uepes BeKTOpHl d = AB u b= AC .

Pewenue. 1) Bextopsl BA U AB — NPOTHBOIOJNOXHEIE BEKTODPHI, MO-
3TOMY BA=-AB wm BA = —a.

2) Ilo npaButy TpeyrojbHUKa: CB=CA+AB.Ho CA=-AC, MO3TOMY

CB=AB+(-AC)=AB-AC =a-b.

) o« 0 b

EN
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a
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Bonpocst, 3a0auu u 3adanus

o-Qt—t

10.

11.

1) Kak HailTu cyMMy BEKTOPOB IO MpaBUJaM TPEYroJibHUKA U Tapajuie-
JorpamMa? Kakoii BEKTOp Ha3bIBa€TCSl Pa3HOCTHIO IBYX BEKTOPOB?

2) Kakoii BeKTOp Ha3bIBaeTCsl MPOTUBOMOJIOXHBIM JaHHOMY?
Ha pucynke 8 uzobpaxeHbl BeKTOpbl d U b. [locTpoiiTe BeKTOp d + b
JIBYyMsI ciocobaMu.

Ha pucyHke 9 M306paxeHbl BeKTOpH m, i U k, d u é. Ilocrpoiite
BEKTOPHI: 1) M+ itk D d+e.

Ha puc. 10 uzobpaxeHbl BeKTopbl d, b u ¢, d mu €. IlocTpoiiTe

BEKTODBHI: 1)5—I;+E; 2) é-d.

. Jlan  mapamnrenorpamMm  ABCD. BbInonHsieTCS A PaBEHCTBO

(4B - 4D)+ BC = AB? IIposepbTe.

. B pombe ABCD: AD=20 cm, BD = 24 cm, O — Touka IepeceuyeHust

mvaronaneit. Haitnure | 4D + 4B — BC — OB

.| ABCD — npou3BOJIbHBII YEThIPEXYTOJIbHUK. Hoxkaxwure, 4yTO
AB+ BC = AD + DC .
. lan mnapamienorpaMmm ABCD. JlokaxuTe BEKTOPHOE PaBEHCTBO

AB + AD = AC («IIpaBWJIO MAPAJLIEJIOrPAMMa»).

. B mapamenorpamme ABCD: CA =d, CD = b. Boipa3ute BeKTOpHI AB ,

BC, DA uepe3 BeKTOpbl @ 1 b.
Touku Eu F— cepenuHbl ctopoH AB u AC tpeyroiabHuka ABC. Boipa-

sute Bektopsl BEF, EC, EF u BC uepes Bekropsl d = AE u b= AF .

Ha pucynke 11 wuzoOpaxeHbl BekTopbl m U 7. IlocTpoiiTe BeKTOp
m+n IByMs CllocOOaMMu.
a -
P 1y )
m
¢ e
5 n
a o
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38—39. YMHOXEHUME BEKTOPA HA Y1CJIO. ’
KOOPANHATBI BEKTOPA

1. YMHoXKeHne BekTOpa Ha umciao. BpiOepeM HEKOTOpPBINA BEKTOp a U
HaligeM cymMmy d+d-+a (puc. 1). Obo3HaUMM 3Ty CyMMy Kak 3-d W,
€CTECTBEHHO TO, YTO 3TO BbIpak€HHWE HA30BEM IPOM3BEACHUEM BEKTOpa d
Ha yucio 3.

Onpenenenne. [lpoussedenuem HeHyne6020 eekmopa d Ha uucio k
Hazvieaemes: makoii eekmop b, Oauma komopoeo pasna |k|-lal, mpuyem
BEKTOPBI d U b coHarpaBjieHbl TIpu k > (0, 1 MPOTUBOMOJIOXHO HaIpaB-
nensl nipu k <0. [Ipouzeedenuem Hyne6020 eekmopa Ha A1000€ YUCAO CYHU-
maemcs Hyne80U 68eKmop.

IIpousBeneHue BekTOopa ¢ Ha 4YUCIO k obOo3Hauvaercsl Tak: ka. Ilo
omnpeneneHuo: |kal = |kl-lal .

W3 omnpeneneHus Npou3BeAcHUs] BEKTOpa Ha YKMCIO HEIMOCPEACTBEHHO
cienyet, 4to: 1) npoussedenue 106020 6eKmopa HaA YUCAO HYAb eCMb HYAEBOll
eekmop; 2) 0aa awboeo uucaa k u awboeo eekmopa d eekmopvl d u ka
KOAAUHeapHbl.

YMHOXeHHEe BeKTOpa Ha 4YKMCIO O0JajacT CJeAyIOLIMMU OCHOBHBIMU
CBOMCTBaMU.

Las arobvix yucen k, | u aobvix éekmopos a , b Cnpaseonussbl pageHcmead:

1°. (k-Da=k-(la) — covemamenvuwiii 3aK0H.
2°. (k+1)a = ka+la — nepsviii pacnpedenumenvruiii 3aKoH.

3°. k(G+b)=ka+kb — 6mopoii pacnpedesumensHoiii 3aKOH.

4 k.0=0-4=0.

Ewe paz nanomunaem, umo 0sa eexmopa HAa3bl86AHOMCs KOAIUHEAPHBIMU,
ecau OHU nexcam Ha NAPaNIeNbHbIX NPAMbIX UAU HA OOHOU NPAMOU.

Ilycte mana mpsimast [ U BEKTOpHI d bucé rnapasuleibHble TaHHOW

npsiMoit (puc. 2). Ilo onpeneneHno KOUIMHEAPHBIX BEKTOPOB, BEKTOPHI d ,

b W ¢ KoJulMHeapHbl. 3eCh BEKTOPbl d W b COHAIpaBJeHbl, a BEKTOp C

MPOTUBOITIOJIOXKHO HampaB/ieH OTHOCUTEILHO BEKTOPOB d U b.

SR (2) |

a
¢
3d /
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Ham u3BecTHO, 4TO BEKTOp, MOJYYaeMbIid MPU YMHOXEHUM BEKTOpa Ha
4yuco, MapajijieieH ¢ HampaBlieHMeM JaHHoro Bektopa. OTcioja IojydyaeM
CJIEIYIOIIEE BaXKHOE CBOWCTBO:

6EKMOp, YMHONCEHHOM HA HEKOmopoe HucA0 KOoAAuHeapeH O0AHHOMY GeK-
mopy.

Teopema.

Eciu yMHOXHATh HEHYJIEBOW BEKTOP HA YHCJIO, 0OPATHOE €ro MOAYJIO,
TO MOJyYHM €IMHUYHBIA BEKTOP.

Joxazameascmeo. Tlycts |dl momyns Bektopa d. Haiimem Momynb

|-

MPOU3BEICHUS BEKTOpa d Ha YUCIO k =

|-=

|kd| = [k|-|d| = —-la| =1.

|
WMrak, Kaxaplii BEKTOP paBEH MPOU3BEICHUIO MOMIYJSI 3TOrO BEKTOpA Ha
COHAIIPABJICHHBIN C HUM €IWUHUYHBINA BEKTOP.

BexTop, Moayib KOTOporo paBeH 1, Ha3bIBACTCSI eOUHUUHBIM BEKMOPOM.

=

O0603HaYMM €IMHUYHBI BEKTOP, COHAMPABIEHHbII C BEKTOPOM d uepe3 € ,

| =

U B COOTBETCTBUU C TEOPEMOM: € = WIM YMHOXMB 3TO PaBEHCTBO Ha

Q

YUCIO |G |, MPUXOOMM K paBeHCTBY: d =|dl-é .
HTak, xaxcowiii eexkmop pasen npouzgedeHuro mMooyas 3mo20 6eKmopa Ha
COHANDPABACHHBIU C HUM eOUHUUHDBIL BeKMOp.
3amaua 1. Ipu Kakux 3HAUYCHUSIX k BEPHBI YTBEPKICHUSI:
1) lkal <lal ; 2) lkdl > a; 3) |kal =lal, rne @ =0?
Pewenue. 1) Tlpu d = 0, |kal <lal < |kl-lal <ldl < kl< 1o -1<k <1;
2)npu a =0, |kdl>ldl < lkl-lal>ldl < kl>1 e k<-1 wm k>1;
3)mpu a =0, lkal =lal < lkl-ldl =lal = kl =1 k=1 wm k=1.
Omeem: 1) -1<k<1;2) k<-1 wm k>1; 3) k=-1 wm k=1
BEpPHBI YTBEPKICHUSI.

2. Koopaunatel BekTopa. IlycTh Ha MJIOCKOCTM 3adaHa MpPsSMOYrojibHas
cucteMa KoopauHat xOy, T.e. BbIOpaHbl B3aMMHO IE€pPIEHIMKYJISIPHbIC
MpsiMble, OTMeYeHa Touka O — Hauaso kKoopdunam, BbIOpAHbl HanpasieHus
U eduHuyHvle éekmopsl oceir KoopauHaT. [IpousBojbHOI Touke A comoc-
TaBJISIIOTCS JIBE €€ KOOpAMHAThl — abciucca x U opauHara y: A (x; y). Equ-
HUYHbIE BEKTOPBI OCeil KOOPAMHAT 0003HaYMM i (ocu abermce) u j (ocu op-

JNIMHAT) COOTBETCTBEHHO. VX MJIMHBI paBHBI €IWHULIE, a HAINPaBJICHUSI COB-
MajaoT C HAMpPaBJICHUSIMUA COOTBETCTBYIOLIMX OCeil KoopauHaT (puc. 3, a).

Ilycth Ha maOCKOCTM JaHa Touyka A ¢ KoopauHatamu (x; y). PaccMort-

puM TpeyroibHUK OAA. B 3TOM TpeyrosbHuKe OA = O—Ax + ﬂ Ho Ttak
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KaK OA,=x, AA= OA,=y, 10 Bektop OA_ =x-i, A A=y-j.Orcoona
5=@=x-17+y-]'- (1)

PaBeHcTBO (1) Ha3bIBaeTCsl KOOpOUHaAmMHbIM NpedcmasieHuem eKmopa da .
Hrak, BeKTOp ¢ HayajoM B Touke O U KOHILIOM B Touke A (Xx; ¥) MOXET
OBITh BbIPaXKEH 4Yepe3 BEKTOPbI i v j BBULE (1) paBeHcTBA.
ITapa BekTOpOB (f; }) Hazvieaemces 6a3ucom KOOPOUHAMHOU CUCMeEMbl,
a CcaM¥ BEKTOPBI [ | — Ga3MCHBIMU BEKTOPAMH, YHCJIA X U Y — KOOPOUHA-

mamu eekmopa a.
Ecnu u3BecTHO KoopavHaTHOe TpeacTaBieHue (1) BekTopa, TO rOBOPSIT,
4TO BEKTOP 3alaH CBOMMM KOOPAMHATAMM U 3aIMCHIBAETCS B BUIe d(X; y):

a(x;y)=x-i+y-j. (2)

Omnpenenenne. Ecau A\(x,; y,) u A)(x,; y,), TO 4UCIA X, — X; U Y, — V)

0yoym koopounamamu eéekmopa A, A, (puc. 4).

KoopauHaThl BeKTOpa 3allMChIBAIOT B CKOOKAX PSIOM C €ro OyKBEHHBIM
obosnauennem: A A, (x, —x; ¥, -y, ). UHorna mis 0603HAYEHUS C KOOD-

JIMHATaMU X, — X; U y, — y¥; UCTIOJIB3YIOT 3amuch (X, — X;;¥, — ;). O4eBUIHO,
YTO HYJIEBOII BEKTOpP MMeeT HyJieBble KoopauHatel: 0(0;0).
M3 popMyibl pacCTOSIHUS MEXIYy TOYKAMUA UMEEM:

JUIMHA BeKTopa d(a;; a,) Bbiuncsiercs no dpopmyne ldl = Ja} +a; .

IIpasuno. Kaxcdas koopounama eexmopa pasHa pasHOCMU COOMI-
6eMCMBYIOUUX KOOPOUHAM e20 KOHUA U Ha4aid.

B yactHOCTM, eciiM BEKTOp OTJOXEH OT Hayajga KOOpIMHAT, TO KOOp-
JIUHATBl BEKTOpa paBHBLI KoopauHaTtaM ero koHua. Tak kak (0; 0), To Koop-
JIUHATBI BEKTOPA 0A pPaBHBI COOTBETCTBYIOIIMM KOOPIMHATAM TOUYKHU A.

Ecimu A (x; y), To OA(x;y) =(x;Y).

Va a V4 6 ¢@ VA @
ACx; y) x  Ay) A,
Ay _______ | BOY ot abatn iagl |
| 1=
. | I
= = a | =N
J J y [ W— - N
[ Al X=X 1
I I I
| | |
—_— l T | l >
ol i x Ol i A x| | O X, X X
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Ceoticméo M npu3Hak KOOPAMHAT paBHBIX BEKTOPOB IpUBeneM Oe3
JIOKa3aTesIbCTBRA.

Teopema.

PaBnnie BCKTOpPblI UMCIOT PABHbBIC KOOPAUHATBI, H H3060p0T, eC/im y
BEKTOPOB COOTBCTCTBYIOIIMC KOOPAHMHATHI PABHbI, TO 3TH BEKTOPbI PABHbI.

BriBon 1. Ecnyu KoopauHathl BEeKTOpa COBMAAAIOT C KOOpAMHATAMU €To
KOHIIa, TO HayaJlo BEKTOpa COBIIalaeT ¢ HayajJoM KoopAauHaT (puc. 3, 6).

Boison 2. Ecnu maHbl KOOpAMHATHI BEKTOpa Ez(al; a2) U KOOPAMHATHI

B (x,; y,) ero KoHLa, TO I ONpeAeeHUs] KOopauHaT A (x,; y,) ero Havaia
JNIOCTaTOYHO M3 KOOPAMHAT B BbIUYECTb COOTBETCTBYIOIIME KOOPAMHATHI
BEKTODA d (a;; a,):
X\=X—a;, Yi=)—-a (D)
BeiBoa 3. Eciu maHbl KOOpAMHAThI BEKTOpa 5((11; az) U KOOPIOWHATHI
A(x,; y,) ero Hayaja, TO sl OIpenejeHuss KoopauHat B (x,; y,) KoHLa
BEKTOpa JIOCTAaTOYHO CJIOXUTb KOOPAMHAThl TOYKM C COOTBETCTBYIOLIMMU
KOOpJMHATaMK BEKTOpa d(a,; a, ):
X, =X+ a; Y, =Y, + ay (2)
3anaya 2. Haligute KoopAauHaAThl YETBEPTOMl BEPIUMHBI Mapasuiesio-
rpamma ABCD, ecnu A(-2; 1), B(0;4), C(4; 1).

Pewenue. Ecnu yerbipexyroibHUK ABCD — mnapajuienorpaMm, TO

AB = DC. IIyctes D(x; y) — uckomMast BepiuvHa. Haiimem KoopauHaThl BeK-
TopoB AB u DC':

AB=(0-(-2);4-1)=(2;3), DC=(4-x;1-y).
Takum o6pazoM, 4 —x=2ul-y=3,otkynax=2u y =-2.
Omeem: D (2; -2).
3anaua 3. Jlauel KoopauHaThl Hayana A(-1; 5) Bektopa d(2; -3).

HailiguTe KoopauHaThl KOHLIA B BeKTOpa.
Pewerue. Bocnonb30BaBIINCh pe3yJibTaTaMU BbIBOAA 3, HAXOAUM MCKO-
MbI€ KOOPJAUHATHI:

x,=-1+2=1, y,=5+(3)=2
Omeem: B (1; 2).
3anaua 4. Haiinute KoopauHatel BeKTopoB AB u BA, ecmu A(-3; 0) u
B (5; -4).
Pewenue. 1) AB = AB(5—(-3);—4—0) = AB(8;-4) = (8;-4);
2) BA=-AB =—(8;-4) = (-8;—(-4)) = (-8; 4).
Omeem: (8; —4); (-8; 4).
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IIpumeuanue! Eciu uzeecmmvl Koopounamol Kakoeo-Hubyob eekmopa, mo

011 onpedeneHus KOOpOUHAM 6eKmopa, NPOMuUBONOAONCHO20 OAHHOMY, Hem
Heo0X00UMOCMU 3aHOB80 GbIMUCAAMb KOOPOUHAMbBL NPOMUBONONONCHO2O BEK-
mopa, 00CMamo4HO 3aMeHUMbv 3HAKU COOMBemcmeyujue KoopouHamam
0aHHO20 6eKmopa.

'~

10.

11.
12.

13.

Bonpocst, 3a0auu u 3adanus

1) Uto Ha3bIBaeTCsl MPOU3BENCHUEM BEKTOpa Ha YMCI0?
2) HazoBute cBOICTBA YMHOXEHMUSI BEKTOpA Ha YUCJIO.
3) Kak 0003HavyamTCs €IMHUYHBIE BEKTOPbl OCEil KOOpAUHAT?

. HauepTtute Bektop 4, mimHa Kotoporo paBHa 2 cm. IloctpoiiTe Bek-

topbl 4a, -2d, 3a, 1,5a,-1,5a.

. Ilpu Kakux 3HaYeHUSIX kK BEKTOPHI d (& # O) uka:

1) coHampaBiieHbl;  2) NPOTUBOIIOJOXHO HAIpaBieHbl;  3) paBHBI?

. B mapannenorpamme ABCD nuaroHajiu nepecekarTcs B Touke O, Touka

K — cepenuna croponbl CD. Bwipazute BekTOopbl OA u AK yepes
BeKTOpbl AB=d n AD =b.

. Touka C — cepenumHa orpe3ka AB. Beipasute Bektop: 1) AC uepe3

BEKTOP CB: 2) AB uepes Bektop CB; 3) AC yepe3 BEKTOpP BA.

. YIIPOCTUTE BBIPAXKECHUE:

1) (E+R)+(ﬂ+@); 2) AB-DB-CA+DA.

. Haiimure xoopamnHaTel BekTopa AB, ecim: 1)A(-1; 4) u B(3; 9);

) AQ2; -5 u B(1;-1); 3)A3;2) u B(3;2).

. Haitoure mwmuny Bektopa AB, ecmum: 1) AB(7; 24); 2) A(0;-1) u

B@(3;-5); 3) A(2;-4) u B(2;-1).

.| UeMy paBHBI KOOpAUHATHI BeKTOpa BA , eCilu:

1) A(-2; -3), B(-3; -1); 2) A(m; n), B(-m; —n)?
Hanbl Touku A (-1; -3), B(2; -4), C(-3; -1) u D (5; 2). PaBHb 11
BekTopsl AC u DB?
Haiinute m, ecnu pmHa BekTopa d(m;24) paBHa 25.
Haiinute xoopnuHaTel KoHua (B) KoHua BekTtopa d(-7; -8), ecnu
KoopauHaTel Havana A (5; -3).
Haiinute minHy BekTOpa AB , eciu:
1) A(-3;1) u B(5;-5); 2) A(12;0) u B(0; -5).
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40. IEMCTBUA HAJI BEKTOPAMM, 3ATAHHBIMHU ’
CBOMMU KOOPANHATAMMA

IlozHakoMuMcs ¢ TeM, KaK BBIMOJHSIOTCS JIMHEHbIe (apupMeTu-
yeckue) OeMcTBUS (CI0XKEHUS, BBIUMTAHUS M YMHOXEHMSI Ha UYMCIIO) Haj
BEKTOpaMH, 3aJaHHBIMU CBOMMM KOOPIMHATaAMM.

1. CioxeHnune BEKTOPOB, 3aJaHHBLIX CBOMMH KOOPIHHATAMHM.

Onpenenenne. Cymmoui eekmopoe d(a,; a,) u b (b,; b,) Hasvieaemcsa

eexkmop ¢ (c,; ¢,) ¢ Koopounamamu ¢, =a,+ b, ¢,=a,+ b,.

Takum obpaszoMm, d(a,; a,) +l;(b1; b)=¢c(a +b;a,+b), mm
(a; @) +(b; b)) =(a +b;a,+b).
Jla aobvix eekmopoé d(x;; ), b (x5 ») u ¢ (cy;c,) cnpagedarugol
pasencmea:
1)5+Z)=i)+5; 2)(&+Z))+E=5+(5+5); 3)5+6=5.
g mokasaTesIbCTBAa 3THUX CBOMCTB JIOCTATOUYHO CPAaBHUTH COOTBETCT-

BYIOILLIME KOOPIMHAThl BEKTOPOB B MpPaBOM M JIEBOM YaCTSIX KaXIOro pa-
BEHCTBA.

Teopema.

Jng moobix Touek A, B u C BbINOJIHAETCA BEKTOPHOE PABEHCTBO:

AB + BC = AC .
@ Jokazamenvcmeo. Ilycte A(x; x,), B(x,; y,),
=~ B(x;y) Clx;; ) C(x;; y;) — maHHble TOyku (puc. 1). Bripasus

KOOpAMHAaTbl BEKTOPOB-CJIaraCMbIX, UMECM:

AB(x, = x50, = V1) BC(x3=%5 ¥, - 1,) -
Ilo ompeneneHW0 CyMMBlI BEKTOPOB, IS
BBIUMCJICHUSI KOOPAMHAT BEKTOpa-CyMMbl CJIO-
Ax; ) KMM COOTBETCTBYIOIIME KOOPAMHAThI BEKTOPOB

AB n BC:
X=X+ X3 =X5=X3= X, V=it V3= =V = )
CrnenosareIbHO, KOOPAUHATBEL BEKTOPA-CyMMBI COBIAAAIOT ¢ KOOPAMHA-
tamMu BeKTopa AC: AC(x; — X5 ¥ — ) -

ITo TeopeMe paBHBIX BeKTOpoB: AB + BC = AC .

TeopeMa nmokaszaHa.

Jlokaxute, paBeHcTBO AB + BC = AC , OJIB3YsICh PUC. 2.

TakuM o0pa3oM, 041 moeo, 4moObl Haumu CYMMY 6eKmopos, 0ocma-

MOYHO CA0JCUMb CcOooOmeemcmeyruiue KOOpaLIHdmbl IMUX 6EKmopoes.
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2. Boruntanue BCKTOPOB, 3aJJaHHBIX CBOMMH KOOpPJAHMHATAMM.

Onpenenenne. Paznocmoio eéekmopoé d(a,; a,) u b (b;; b,) Ha3bIBa-
ercsl TaKOM BEKTOp ¢ (c;; ¢,), KOTOPbIA B CyMMe€ C BEKTOpPOM b Jaer
BEKTOp d: b+c=ad.

Orcroga HaxoouM KOOPAMHATHI BeKTOpa ¢ =d — b:
¢,=a,—b, c,=a,-b,.
s moeo umobbl Halimu pazHocMb 08YX 6eKmMopos, 00CMAmMOYHO

ebluecms U3 xoopéuﬂam ymensvuiaemoeo eeKkmopa coomeemcmeyrwuiie Koop-
OuHamol 8bIYUMAEMO20 eéeKkmopa. m.e..

a(a;a)-b(b;b)=¢(a-b; a,-b), um

(a;a,) —(b;b,)=(a, -b;a,-b).
3. YMHO)KeHI/le BeKTopa, 3AIAHHOI0 CBOUMH KOOp)]l/IHaTaMI/I, HA 4YUCJIO.

Onpenenenne. [llpouseedenue eexkmopa d(a,, a,) Ha 4ACAO Kk Ha3bl-
BacTCsl BEKTOp (ka,; ka,), T... ka = (ka,; ka,).

ITo onpenenenuto, (a,; a,) -k =k(a,; a,).

Takum obpa3oM, 011 moeo umobObl Haimu npouszsedeHue 6eKmopa Ha
uucao (uau uucno k Ha eekmop d), 00CMAmMoOYHO YMHONICUMb COOMBEnChl-
syroujue KoopouHamosl 6eKmopa Ha 3mo 4ucio.

ITpoBepbTe CaMOCTOSATENBHO CIIPABEIIMBOCTh YMHOXEHHUs BEKTOpa Ha
yucio (teMbl 38—39), a TakKe OCHOBHBIE CBOWMCTBa Ha KOOpAMHATax,
MoJb3ysich puc. 3. Yoemurech, YTO OCHOBHBIE CBOIICTBAa B KOOpAMHATaX
Takke OyayT BepHbIMU. 1o 3TOil mpuYMHE UX 3IeCh HE pacCMaTPUBAJIN.

3anaua 1. Haitnute cymmy BektopoB d(3; 5) m b(2; 7).

Pewenue. a(3;5)+b(2; 7)=3;5)+(2;7)=B+2;5+7) =(5; 12).

3HAYUT, KOOPAMHATHI BeKTOpa d + b paBHsI (5; 12).

’4 (2) (3)
y 4, AGy) vy K70 k<0 ya
1
A
B ka B “
Y = B(x; y,) 2
ka, .
i a, A 0 a, x
J
g i ka

Al Bl N 0 al kal .rx B 2

OI ; xl XZ x a 6
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3anaua 2. HaiiauTe pasHocTh BeKTOpoB d(-3; 5) u h(3; —3).
Pewenue. d(-3; 5)—b(3; —=3)=(=3;5)-(3;-3)=(-3-3; 5-(-3)) =

=(-6; 8). Omeem: (—6; 8).
3anaya 3. Haiinute KoopauHaTbl BekTopa b, MPOTUBOIOJOXHOIO

BekTOpy d(3;5).

o~ -

Pewenue. Bextop l;, HPOTUBOIIOJIOXKHBIN BEKTOPY d , paBEH:
b=-d=-1-ad=-1-(3;5)=(-3; -5).

Omeem: b(-3; - 5), wm (=3;-5).

3anaua 4. Haiinute KoopauHATHI BEKTOpa b = 44, ecnu a(-3; 4).

Pewenue. b =4d=4-(-3;4)=(4-(-3); 4-4) = (-12; 16).

Omeem: b (-12; 16), wm (-12; 16).

Bonpocst, 3a0auu u 3adanus

. 1) Kak BbINoJHsIETCS CIOXEeHHE (BbIUYMTAHUE) ABYX BEKTOPOB, 3a/laH-

HBIX CBOMMU KOOpIMHATAMMU?
2) Kak BBIMOJIHSIETCSI YMHOXEHME BEKTOpa Ha YMCJIO, 3aJJaHHOTO CBO-
UMM KOOpauHaTaMu?

Haiinute KoopauHaThI:

1) cyMMBI; 2) pa3HOCTH BeKTOpOB, eciu d(—4; 8) u b (1; —4).

. aubl BekTopbl d(=2;6) u b (-2; 4). Haiimnre KOOPIMHATH BEKTOPA:

1)a-+b; D ad-b; 3) b-a; 4) -G -b.

Tanbl BekTopbl @ (2; 3) u b (~1; 0). Haiiaure KOOPAMHATHI BEKTOPA:
1)2d +b; 2) 4 -3b; 3) 2b-a.

Janbl BeKTOpbI d (2; -3) 1 b (—2; —3). Haiinure KOOpAMHATHI BEKTOPA:
1) ¢ =ad-2b; ) é=-2a+b; 3) ¢ =-3a-2b.

. Jlanbl BekTOpbl d =21 —3j u b = -2 . HaiinuTe KOOPAMHATHI BEKTOPA:

1) é¢=2d-b; 2) ¢=-4d+3b; 3) ¢=-3a+4b.

HaHbl BekTOpbl d@ = -2i+2j u b =3i . Haiinute KoopauHaTLI BEKTOpA:

1) ¢ =3d-2b; 2) ¢=4d-b.
JlaHBI BEKTOpHI d = 2i -3j n b = 2/ . Haiimure KOOPIMHATHI BEKTOpA:
1) ¢=-a-2b; 2) é=a->5b.
JlaHbl BEKTOPHI d = 3 ub=-i+ 2j . Haiiaure KOOPAMHATHI BEKTOpa:
1) ¢==2a+b; 2) é=-da-b.
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NHTEPIIPETAIIMN BEKTOPOB. PEIIIEHUE

41. PUSNYECKUNE U T’EOMETPUYECKHUE |
IT’EOMETPUYECKHUX 3AJAY METOAOM KOOPAUHAT J)

1. ®u3nyeckne U reoMEeTpHYECKHE HHTEPNPETANHH BEKTOPOB.

1. Cuna geiicTByonas Ha Tejo, M300paxaeTcsi BEKTOPOM, HarpaBjieHue
KOTOPOTO COBIIalaeT C HampaBji€HUEM JAEHCTBUSI CUJIbI, a MOIYJb pPaBeH
a0bCOTIOTHON BeauuMHe cuibl. I3 MpakTUKU M3BECTHO, YTO ACHCTBUE JABYX
WJIM HECKOJbKMX CWJI, TMPUJIOXKEHHBIX K TeIy, MOXHO IpeICTaBUTh KakK
JICCTBUE PABHOAEUCTBYIOIIEN CUJIBI, PABHOU CyMMe€ BCEX NEMCTBYIOIIUX Ha
tesio cuia. Ha pucyHke 1 u3oOGpakeHbl B BUIE BEKTOPOB d U b IBe CUIbI,
NEeUCTByIOIIME Ha Tedo B Touke A. PaBHomeicTBylolasi 3TUX Cua Oyner
U300paxKaTbCsi BEKTOPOM

C=d+b.

T'oBop&T, 4TO BEKTOpP, M300paKalolIUii PAaBHOAEUCTBYIOIIYIO CUTY, pa3-
JA0JCeH HA COCMABAANWUE BEKMOpbl, YKA3bl8AWUe HA GeAUHUHbl U HAN-
pasaeHus Oelicmaus Smux cud.

2. B dusuke nocmynamenvHoim O0udiceHuem HA3bIBAETCSI TaKOE€ JIBUXE-
HUe, TIPU KOTOPOM Kaxkjaasi TOuKa Teja 3a OAMHAKOBOE BpeMsl B OJHOM U
TOM € HallpaBJIeHUU IepeMellaeTCs Ha OJMHAKOBOE PacCTOSIHUE B OJHOM
U TOM ke HarpaBjieHUU. TakuM oOpa3oM, eekmop nepemeueHuss UMEET TOT
K€ CMBICJI, UYTO M BEKTOp B HallleM MOHMMaHuM. Pa3zHMIIa TOJBKO B TOM,
YyTO B KypCce€ TEOMETPUMM PACCMATPUBAIMCHh BEKTOpHI, IapajliejbHbIC
(ukcupoBaHHON IIJIOCKOCTM, TOrga Kak B (u3MKe € caMoro Hauaja
paccMaTpuBalOTCSl TIPOCTPAHCTBEHHBIE BEKTOPHI.

3. B usuke «BEeKTOpbl» IOHUMAIOTCS B
OoJsiee IIMPOKOM cMbIciae. Harpumep, BeKTOpom
cyuTaercsi CKopocTb. Eciii B reoMeTpuu BEKTOP
UMeeT UIMHY, U3MepseMoil B MeTpax, To ab-
COJIIOTHOE 3HAY€HME CKOPOCTU ITOHMMAETCs B
(¢usuke kak Merpnl B cekyHmy (m/s). Takum
0o0pa3oM, B TreOMeTpUM CKOPOCTb paccMaTpu-
BaeTCsl KakK 6eKkmopHas eeauuura. BeKTopHbIe
BEJIMUMHBI XapaKTepU3YIOTCSI HE TOJbKO ab-
COJIIOTHBIM 3HAYEHWEM, HO M HampaBJeHUEM.
IIpu HagnexaieMm BbIOOpE MaclluTaba BEKTOP- @

Hbl€ BEJMYMHBI MOXHO CpaBHMBATb C TeOMeET- v
PUYECKMMM BEKTOPaMU.

CJOXEeHUI0 BEKTOPHBIX BEJIMYMH M YMHO-
JKEHUIO MX Ha YUCJIO COOTBETCTBYIOT COOTBETCT-
BYIOILIME TIOHSATHUS, OTHOCSIIMECS K T€OMETpH-
YEeCKMM BEKTOpaM.

Q)
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PaccmoTtpum nipumep. Ha puc. 2 BeKTOp U MOXHO MpPEACTaBUTb KakK
CKOPOCTb TpU BpallaTeIbHOM JBMXEHMHM, a BEKTOp 4 KaK BEKTOpP YCKO-
peHus. Ho ¢ Touku 3peHuss (U3UMKM UX HENb3sl, HalpuMep, CKJIalbIBaTh
KaK OObIYHBbIE BEKTOpbl. TeM He MeHee €CTb CMbICJI FTOBOPUTh O CKOPOCTHU U
YCKOPEHUM KaK O BEKTOpax.

Takas BOJILHOCTh B OOpalllecHUKM C TEpPMHHAMU HE BIMSIET HAa OOILLHOCTh
paccyxaeHnuit. [IpyumepHO TO Xe camoe Mbl JeJlaéM U B T€OMETPUU, OTOX-
JIECTBJISISL JUIMHY CTOPOHBI TPEYTOJIbHUKA C CAMOM 3TOM CTOPOHOM.

2. Pemenue reoMeTpuYecKnX 3a/a4 MeTOJAOM KOOPAMHAT.

BekTopbl 1IMPOKO MCIOJb3YIOTCS JJIsI PELIEHUSI TEOMETPUUYECKUX 3a1ay
U B JI0KA3aTEJIbCTBE TEOPEM.

3anaya 1. Touka C — cepenuHa oTpe3ka AB, a O — Npou3BOJIbHAS

Touka ruiockoctu. Jokaxure, uto OC = %(O—A +OB) (puc. 3, a).

Pewenue. Cnoco6 1. Tlo mpaBuiy TpeyrojbHUKa:

OC=04+AC u OC=0B+BC.
CkanpiBasi 9TU paBEHCTBA, MOJYYUM:
20C = 04 + OB +(AC + BC) -

Tak kak C — cepenuna orpeska AB, to AC + BC =0, T.K. cymMMa Ipo-
TUBOITOJIOKHBIX BEKTOPOB paBHA HYJEBOMY BEKTODY.

TakuMm obpazoMm, 20C = OA + OB, wm 0C = %(07 + O—B)

Cnoco6 2. HonosHuM TpeyroibHUK OAB no mapasuiesorpamma (puc.
3,6). Tornta OA+OB=0D (1m0 mpaBwly napauienorpamMma). JnaroHamm
Hapajuie/iorpaMMa Iepecekasich, Aessitcsi momnoiaM, nosromy OC =CD u
0D =20C.

CrenoBarenbio, OA + OB = 20C . Otkyna: OC = %(@ +0B).

3anaya 2. JlokaxuTe, 4YTO CepeArMHBbl CTOPOH MPOU3BOJBLHOIO YEThIpEeX-
yronbHUKa ABCD sIBASIIOTCSI BEplLIMHAMU IMapajuiejiorpaMmma.

Pewenue. Tlycty E, F, G, H — COOTBETCTBEHHO CEepeIUHbLI CTOPOH AB,
BC, CD u DA (puc. 4). B cuny Tperbero mpusHaka mapajuiesorpaMmma,
JIOCTaTOYHO J0Ka3aThb, YTO, Hanpumep, oTpe3ku EF u HG paBHBI MO JIJIMHE
U mapaieabHbl. Ha s3bIKe BEeKTOPOB 3TO O3HAYaeT, YTO HYXKHO J10Ka3aTh
paBeHCTBO BekTopoB EF u HG .

@ B D B

C C
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JIeACTBUTEIBHO,
EF = EB + BF = L(4B + BC), HG =HD+ DG =5(4D+ DC).

Kpome Toro, oueBmaHo, uto AB+ BC = AD+ DC . Tlostomy, EF = HG .
Otkyna cienyer, 4yto oTpe3ku EF u HG paBHbI 1O IJWHE U TNapayieabHbl.
HMrak, cepeadHbl CTOpPOH IIPOM3BOJILHOIO 4YeThlpexyrojibHuka ABCD
SIBJISIIOTCS BEPLUIMHAMU napajuiegorpamma. Yto u TpeboBasoch A0Ka3aTh.

M3 npuBeneHHbIX 10Ka3aTeJbCTB BUAHO, YTO pEIICHUE 3a1ady M JOKa-
3aTeJIbCTBO TEOPEM B BEKTOPHOM BMjE NMOAOOHBI ajare0panvyeckKum pelie-
HUSM U J0Ka3aTeJbCTBaM. DTa Mpoleaypa ajiredopansaluu peuieHus 3aaady
COCTOMT U3 TPEX ITAIOB MOJOOHO TOMY, KaK 3TO IPOUCXOAUT IpU pellie-
HUM TEKCTOBBIX ajireOpanyeckKux 3ajaay.

Ilepewiii sman. YciloBUs 3aJadyd HaAoO 3alucaTb B BEKTOPHOM BHUIE,
BBOJS YAOOHBIE BEKTOPHl (IMOAOOHO TOMY, KaK BBOJSTCSI HEU3BECTHLIC
BEJIMUMHBI M COCTABJISIETCS alredbpanyeckKoe ypaBHEHUE).

Bmopoii s5man. C NOMOIIBIO CPeICTB BEKTOPHOI ajreoOpbl MCXOMTHOE
yCJIOBME 3a/1auM, 3allMCAaHHOE B BEKTOPHOI (hopme, Mnpeobdpa3yercsl K Tako-
My BUAY, KOTOpbI HacT pellleHWe 3alauyd B BEKTOPHOM BuUIEe (MOAO0OHO
peLIeHUIO aIiredpanyeckoro ypaBHEHMSI).

Tpemuii sman. IlonydyeHHO€ BEKTOPHOE COOTHOLIEHME HCTOJKOBBIBA-
€TCSd B MCXOOHBIX TepMHUHax (IMMOJOOHO TOMY, KakK 3aIllMChIBA€TCS OTBET
3a/1a4M, TOCJIe TOrO KaK pelleHo aaredpandyeckoe ypaBHEHUE).

Bonpocst, 3a0auu u 3adanus

1. Haiigute nnuny Menuansl CC, TpeyrojibHMKa ¢ BepuimHamu A(3; 1),
B(1; 3) u C(0; 2).

2. Touka K — cepeauHa ctopoHbl AD napamienorpamma ABCD. Bripasure
BekTOp KC uepe3 BeKTOpH AB U AD.

3. Jdanbl touku A(2; 4), B(3; 6) u C(6; 14). Haiimure KOOpAMHATHI
Bektopa AB + AC .

4. Jlanbl JBe IPOTMBOIIOJOXHBIE BepliuHbl KBaapata ABCD: A(0;4) u
C(6; 0). Haiinute KOOpAMHATHI ABYX IPYTUMX BEPIIUH.

5. Haiinute xoopauHatel KoHla (B) BekTtopa d(-3; 8), eclii KOOPAMHATHI
Havana A(-2; 3).

6. Vcrionb3yst BeKTOPHI, JOKAXHUTE, TEOPEMY O CPEIHEll JIMHUM TpaIlelnu.

7. dausr Bektopsl: a(1; 3), b(=2;4), ¢(-1; -3), d(-4; 4), p(3; 9),
g (-1; 2). Haiimure cpeau 3TUX BEKTOPOB: 1) coHampaBlieHHBLIE BEK-
TOPBI; 2) Mapbl IPOTUBOIOJIOXKHO HAIIPaBJIEHHBIX BEKTOPOB.

8. Touka N — cepennna otpeska CD pom6a ABCD. Boipasute Bektop AN

yepe3 BeKTOpbl AB U AD.
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( 42. ITIPAKTUYECKME 3AJAHUA U ITPUMEHEHUME ]

JOTIOJIHUTEJBHBIA MATEPUAJI, PA3BUBAIOIIIUN
INPAKTUYECKUE KOMIIETEHIIUU
1. 3apaun Ha MpakTHYECKHE NMPUMEHEHHUS] BEKTOPOB.
3amaya 1. IlapaumroTuct cmyc-
R 7 ? @ KaJICsl Ha 3eMJII0 CO CKOPOCTIO 3 m/s,
% 33m/s  C a TIIOPBIBOM BeTpa €ro HauyuHaeT
= OTHOCUTb B CTOPOHY CO CKOPOCTBIO
33 m/s. Ilom KakuM YIJIOM K BepTU-
KaJIM CITycKaeTcsl mapalnotuct (puc. 1)?
< Pewenue. IlycTh mapalllloTUCT Ha-
E XoauTcsd B Touke B. PaBHomeicTBylO-
as cuia TSIXeCTU (ﬂ) U cuJia BET-
S pa (BC), ectb Bektop BD u ABCD —
: : NpSIMOYTOJIbHUK, AB — BepTUKAalb.
A D CnenoBaTebHO, Hag0 HAWTU 3Hade-
Hue yrina ADB.
BC = AD u BC=AD (ABCD — npsamoyronsHuk (£A=90°)). Ilo Teopeme
Mudaropa: BD?= AD?*+ AB?, 3Hauwr:
BD =AD? + AB? =J(3/3)> +32 =427+ 9 =36 = 6 (cm).
B tpeyronbHuke ABD karer AB=3 cm B 2 pasa MeHbILUE TIMIIOTEHY3bI

BD=6 cm. CnenoBatenbHo, AB=0,5BD u mo CBOHCTBY KaTeTa, JIeXallEro
npotuB ymia B 30° B IIpSIMOYIOJBHOM TpeyroibHuke ~<ADB=30°, wunu

sin ZADB = % = 0,5, orkyna ~ADB=30°. Omeem: /ADB=3(".

3apmaua 2. [lapallloTUCT CITycKaJicsd Ha 3€MJII0 CO CKOPOCThIO 4 m/s,

a TOPBIBOM BETpa €ro HauMHAET OTHOCHTb B CTOPOHY CO CKOPOCTBIO 4+/3 m/s.

Ilong xakuM yrjaoM K BepTHKaIU CIIycKaeTcs mapaunoTuct (puc. 1)? 3amauy

PELINTE CaMOCTOSITEJIBHO.

3amaua 3. C Kakoit cuioil F Hamo yaepxaThb I'py3 BecoM P Ha HaKJIOHHOM
TUJTOCKOCTU, YTOOBI OH HEe crosi3ail BHU3 (puc. 2)?

Pewenue. Ilyctb O — LEHTp TSLKECTU

rpy3a, K KOTOpOMYy IIpWIOXEHa cuia P.

@ L Pa3oXuM BeKTOp P IO ABYM B3aMMHO Iep-

0 NEeHIUKYISIPHBIM HaIpaBJIeHMUSIM, KaK IIOKa-

B 3aHO Ha puc. 2. Cuna 04 NEepHEHANKYISIpHA

HAKJIOHHOM IIJIOCKOCTU W HE BbI3BIBACT Iepe-

MelneHust rpysa. Cuna F, yaepXuBaroluas

Ipy3, OOJKHA OBITh paBHOM MO BEJMYMHE U

\0‘ P MPOTUBOIIOJOXKHOI I10 HaMpaBIeHUIO CUJIE

OB. IMoatomy: F= Psino. .
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3anaua 4. Ha HaKJIOHHOU IUIOCKOCTU JIEKUT @ B
rpy3 P=50 N. Haiitu ckaTbhiBamllyl0 CUIy U %
CWIy JHaBleHUS Ha HAKJIOHHYIO ILIOCKOCTD,
ecnu yr?ﬂ HaKJIOHA IIOCKOCTU K TOPU30HTY " ..
pasen 30°.

Hano: P=50 N, £A4 = 30°.

Haimu: F,, F,,, B \30

Pewenue. 1) Paznoxum cunmy P Ha 1Be 4 R KC
CWIbL; HampaBJIeHUE CKaThIBAIOIIEH CUJIbI Ma- P

paJlieJibHO, HaIlpaBiIeHUE AAaBJICHUS IIepIIeHIU-
KyJIIPHO HAKJIOHHOU ILJIOCKOCTH.

2) CTpouM mapajulesiorpaMM, €ro IMaroHalb — BeKTOp OP, NPOBOIUM
OM| AB, OK L AB, PK || AB, PM L AB, OM = F ., OK = F . (puc. 3).
3) ZOPM= /A = 30° (OPLAC, PM 1 AB).
4) VI3 npsIMOYroJILHOTO TpeyrojbHuka OPM:
OM=0,50P=0,5-50=25; F,=25N.
5) U3 npsmoyroybHoro tpeyrojibHuka OPK no teopeme Iludaropa:

OK =\OP?> - PK> =JOP* —OM?* =/50> = 25> = /25 - (4 - 1) = 253 ~ 43,
T.e. F, ~43 N.

JaBJl.

Omeem: F, =25 N, F_, ~43 N.

JaBJI.

3amauya 5. M3 mpakTUKM M3BECTHO, YTO €CJIM Ha Telo A JEeNCTBYIOT IBe
CWIBL @ U b, TO paBHOIEIUCTBYIOIIAsl CUjla paBHA ¢, 9Ta CUja ¢ U300paxaeTcsl B
BUE NMaroHaju mapajiiejorpaMma MOCTPOSHHOIO Ha oTpe3Kax a u b. PaBHO-
JIEMCTBYIOIIAS CUjla HAXOMUTCS IO «MpPAGUAY NAPAAAeN0ePaAMMAr».

Hanpumep, 4enoBek, uaylliyii Mo majayde IUIBIBYIOLLIEro Kopabisa (puc. 4),
WIM JIOJIKa, Ilepecekaromias peky (puc. 5): ee IlepeMellleHUe cilaraeTcs U3
nepeMelleHUI Tonepek peKu U Mo TeuyeHUto peku. O003HaubTe 3TU CWIbI Ha
pucyHke. CocTaBbTe IMOXOXME 3alaud M OTPa3UTe MX Ha PUCYHKE.

2. HaxoxneHue KOOPIMHAT HEHTPa Macc.
3anaua 6. Jlenenue orpe3ka B IAaHHOM OTHOUIEHUHU (B KoopauHaTHO# ¢opme).

Touka C penuT orpe3okK AB B oTHoweHuu A, eciu AC = ACB (puc. 6).
Haittu xoopauHathl x; y Toukd C, M3BECTHBI KOOPIMHATHI KOHLIOB OTpE3Ka:

Axp; y), B(xy; yy).

O
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Pewenue. Tloctpoum Bektopsl OA, OC wu
OB . Tak xak OA (x;; ¥, OC (x; ), OB (X35 »),
AC(x-x;; y-y), CB(X,—-X; y,—-y) U yuu-
ThIBasl, YTO IPU YMHOXEHUM BEKTOpa Ha YHCIO
A, €ro KOOpIMHAThI TakKxXe YMHOXAalOTCS Ha
YUCJIO A, UMEEM:

AC =ACB < AC(x-x;; y—y,) =

X —x; =Mxpy —X);
Y=y =My -»).
X|+2Ax, _NitWs
l+a 1+

3anaua 7. Maccel rpy30B paBHbIE m, U m,
0 IOMELLEHBl COOTBETCTBEHHO B TO4YKax M, (x,; y,)
u M,(x,; y,). Hailnure xoopaunatel (Touku C)
LIEHTpA TSKECTU TOUM CUCTEMBI Macc.

Pewenue. llenTp TskecTu cucteMbl C JIEXUT
Ha oTpe3ke M, M, u o6paTHO MPONOPLUOHATIbHA
PACCTOSTHUIO MAcChl M, U m, MOMELIeHHbIe B TouKax M, u M,, 1.e. touka C —
LIEHTP TSKECTU CUCTEMBI JBYX MATEPUAIBHBIX TOYEK HEJIUT OTPe30K M, M, B

:x@(xz—x; yz—y)<:>{

CrnenoBateabHO, X =

m
OTHOLIEHUN A =—2, 3HauyeHUe A TOACTAaBUM B BBIBeAeHHBIC (POPMYJIBI B

m
3ajgaye 5, mocje Impeodpa3zoBaHUs HAaXOOMM KOOpAUHAThI TOUYkU C:
x . = Xt Xomy _im tyony
¢ m+m, m+m,

3. 3ajaya Ha J0Ka3aTeJbCTBO BEKTOPHBIX COOTHOIIEHMIA.

3amaua 8. Jlan mapasuienorpamm ABCD u O — Touka mepecedyeHus aua-
roHaseil. Jlokaxure, uto 04 + OC = OB + OD.

Hano: ABCD — mnapaienorpamMMm, O — ToYyKa MepecedyeHus OuaroHajei
ACwu BD, AO= 0C, BO= 0D (puc. 7).

Tpebyemcs doxazams: OA + OC = OB + OD.

Jokazamenvcmeo. I1okaxeM, 4TO pa3HOCTb paBHA HYJIEBOMY BEKTODY.

1) (04+0C)-(0B+0D) =(04A-0B) +(OC ~OD) = BA+ DC = BA+ AB = BB = 0.

B nokazaTenbCTBE MCIOJAB30BAIMCh IIPABWIO BBHIYMTAHUS CYMMBI OT
CYMMBI, COYETATEJbHBIl 3aKOH, MpaBIIO TpeyrombHuka, DC = AB (mpo-

TUBOIIOJIOXHbBIE CTOPOHBI MapajjejiorpaMMa M COHAIlpaBJIC€HHbIE BEKTOpPHI),
oIlpeleieHue HYJeBOIO BEKTOpa.

2) (04+0C) -(OB +0OD) =(0OA-0D) +(OC - OB) = DA + BC = DA + AD = DD = 0.

B 1okasaTeibCTBE MCIONB30BAIUCH IMPABWIO BBIYMTAHUS CYMMbI OT CYM-
MBI, TPABWJIO TPEYroJIbHMKA, codyeTaTelbHblil 3akoH, DC = AB u ompe-
NeJIeHNe HYJIeBOrO BEKTOpA.
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(43—44. KOHTPOJIbHASA PABOTA 3. PABOTA HA/JL OI]JHBKAMH)

1.

2.

CocTraBbT€ ypaBHEHME MpPSIMOM, KOTOpasi MPOXOAUT depe3 Touku A(-2; 3)
u B(4; 0).

CocraBbTe ypaBHEHHE OKPY:XKHOCTU ¢ HeHTpoM C u pammycom R, eciu
C(4;9) u R=5.

Haiinute KOOpIMHATBHI BEKTOpPOB d—b u b+¢, ecmu da(l;0), b(1;2) u
¢(1; 3).

Janbl BekTophl ¢(—1;0) u  d(l;2). Haiimure KoopauHaThl BeKTOpa
2¢+3d.

TECT 3 IIpoBepbTe cebs!

. B kakux deTBepTsx pacrojiokeHa IIpsiMasi, IPOXOISINasi 4epe3 TOUYKU
A(0; -1), B(1; 0)?

A) I, 1V, I; B) 1, 11, III; B) 11, 111, IV; N 11, 1V.

2. B kakux 4eTBepTSIX pacIlloJioKeHa IIpsAMasi, IIPOoXoIsdiilas 4epe3d TOUYKM
A(-2; 0), B(-2; 2)?
A) L, 11, 1II; b) 11, III; B) 11, 1V; I I, IV, L
3. Haiinute KoopauHaThl cepeauHbl oTpe3ka AB, ecin A(-4; 0), B(-4; 4).
A) (-2; 0); b) (0; 2); B) (2; -4); I) (-4; 2).
4. Haiinute KoopauHathl cepeauHbl oTpe3dka AC, eciau Touku A(-2; 0),
B(0; 2), C(2; 0) aBnsroTCS BepIIMHAMU TPEYTrOJIbHUKA.
A) (-1; 1); b) (1; 0); B) (0; 0); ) (0; D).
5. Jlansl BekTopbl d(-3; 1) u b(5;-6). Haiioute KOOpAMHATBH BEKTOpa
c=bh-3ad.
A) (14; -9); b) (4; -3); B) (14; -3); ) (9; 3).
6. Janbl BekTophl A (-3; 0) u B (-5; 4). HaiiauTte KoopauHaThl BeKTOpa BA .
A) (-8; -4); b) (-8; 4); B) (2; -4); ) (8 4.
Dy
W3yyaeM aHIIMICKHA SA3bIK! E
‘VpaBHeHne OKpyKHOCTH — circle equation | PaBHble BeKTOpbI — equal vectors
Vpasuenue npsamMoii — straight-line Ckansap — scalar
equation ITpoTHBOMOJI0XKHBIE BEKTOPHI —
Konmneapnbie BekTopsl — collinear opposite vectors
vectors EmauyHbIi BeKTOpP — unit vector
Jlnmana BekTopa — vector length ConanpapjeHHbli — equivalent
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) y
v { Hcmopuueckue ceedenusn
Y

1. BnepBble mpsIMOYTOJIbHBIE KOOPIMHATHI ObUIM BBEIEHBI (PpaHIly3CKUM
yuyeHbIM Pene [lekapToM, ITO3TOMY IIPSIMOYTOJBHYIO CHCTEMY KOOPAMHAT
HAa3bIBAIOT TaK X€ deKapmoeol cucmemoll KoopouHam.

Pene dekapt (1596—1650) — dpaHuy3ckuii ¢punocod, MaTreMaTHK, GU3KK,
¢usuonor. Yumics B kowtemke La-Flesh iezuit, n3yyan rpeyeckuii U JaTUHCKUI
SI3BIKM, MaTeMaTuky u ¢unocodpuio. @unocodus Jlekapra cBsg3aHa ¢ ee Mare-
MAaTUKOM, KOCMOroHUel 1 (pusukoil. OgHa U3 OCHOB aHAJMTUYECKON FeOMETPUU
B MaTeMaTHhKe (MPsSIMOYTOJbHYIO CUCTEMY KOOPAMHAT HA3bIBAIOT €r0 UMEHEM).
JlekapT BHeC 3HAYUTENbHBLIA BKJIan B (Guiocoduio
XVII—XVIII BekoB u pa3Butue Hayku. Pabora dekapra
B XVII Beke mpuBena K METOAY KOOpAUHAT, KOTOPBIi
PEeBOJIIOIIMOHM3MPOBAJ BCIO MaTeMaTHUKy, B YaCTHOCTHU
reomeTpuio. IlosBunack CrnocoOHOCTb WMHTEPHpPETH-
poBaTh anredbpanyeckue ypaBHEHUSI C TTOMOIIBIO
reoOMEeTPUYECKUX TpapuKOB U HAOOOPOT, pelIaTh reo-
METPHYECKME 3a1a4l C TTOMOILBIO aHATUTUYECKUX (hop-
MYJ1 U CUCTEM YPaBHECHMIA.

BBon cMMBOJIOB, KOTOPBIE COXPAHMIIMCH IO HAIIUX
IHel, a UMEHHO 0003HayaTb HEM3BECTHBIC X, V, Z, 4
MOCTOSIHHBIE BEJIUUYMHBI (KO3(M@MUIUEHTBI) — CUMBO-
Pene Jlekapr naMu a, b, ¢, creneHeit X2, )*, 72, 3TO OOJbILAS 3aciIyra
(1596—-1650) Pene [exapra.

2. IloHATHEe BeKTOpa MPUILJIO B MaTeMaTUKy, B YACTHOCTU, B T€OMETPUIO,
cpaBHUTENbHO HedaBHO. B cepenune XIX B. IOHSATHE BEKTOP BCTpeYaeTCs B
Tpylax HeCKOJBKUX MaTeMaTuKoB. Ha mockoctu ¢ Bekropamu BriepBbie (1835 r.)
HayvaJl paboraTh UTaabssHCKMi yueHbilt Beammsurc (1803—1880). Kpome Toro,
K. I'aycc (1777—1855) B 1831 roay B cBoeM Tpyae «Teopun OMKBagpaTUIHBIX
BbIYeTOB», a Takke S1. Apran (1768—1822) u K. Beccean (1745—1818) BBem
MOHATHE BEKTOpa, paccMaTpuBas KOMIUIEKCHbIE ynciaa. HakoHelr, Y. I'aMuibToH
(1805—1865) u P. I'paccman (1854—1901) paspabGoTanu MOHATHUSI BEKTOPOB U
neiicTBug Ham HUMU. ['amMuibToH B 1845 roay mepBbIM chOpMYIUPOBAJ, B UeM
COCTOMT OTJIMYME CKaJISIpOB OT BeKTOpoB. OH Xe BIEpBbI€ BBEJ B YIIOTPeOIeHNE
TEPMUHBI «CKaJIIp» U «BeKTOp». CI0BO «BeKTOp» ['aMWJIBTOH MPOU3BOIMI OT
JIATUHCKOTO vehere — «1iepeHOCcUTh> (1845). IlepBbiM cTan 0603HAYaTh BEKTOPBI
OykBaMu cO cTpeJikoit BBepxy B 1806 romy ApraHn. /ltg Toro, 4robbl yKa3aTh
Hayajo M KoHell BekTopa, A. Meonyc (1790—1868) cran 0603HaYaTh BEKTOPHI B
Buge AB. I'paccmMaH Ha3bIBaJl BEKTOPHI «OTpe3KaMW», OH CTaJl 3alMChIBaTh
pasyioKeHMe BeKTopa IO OocsIM B BUIE X,e, + Xx,e,, [le e, U e, — eAUHUYHbIC
BeKTOphl oceii. 'amunbroH u Jx. I'mo6c (1839—1903) oGo3Havyan BEKTOPHI
rpedyecKuMu OykBamu. [1oayXUpHBIM LIPUPTOM BEKTOPHI cTajl 0003HAUYATh
0. Xesucaiin (1850—1925) B 1931 romy. O60o3HaueHNE IIMHBI BEKTOpa B BUIE
|AB| BBen B 1905 rony P. Tanc (1880—1954).
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N IJABA IV

Y -
S MJIOIIAb
§- 9. IJIOIIATD MHOTOYTOJTbHHUKA
C[ 45. TIOHSATHE O TUTOIIAIN D

1. IlonaTue o nJjomamu.

IloHsiTMe T1UIOLIAAM HAM M3BECTHO M3 ITOBCeAHEBHOro ombita. I[lpen-
CTaBJIEHUE O TUIOLIAASIX UMEETCS Y KaXJI0ro U3 Bac M Bbl YK€ yMEEeTe Haxo-
IUTb WX B IpOCTeMIIuX ciydasix. Hampumep, Bbl 3HaeTe, KaK HaWTH ILIO-
1aab MPsIMOYrOJbHMKA M KBajapaTa, CKaXkeM, KOMHAaThl, TA€ Bbl XKUBETE U
T.0. Hama nanbHeiias 1eiab COCTOUT B TOM, YTOObI Pa3bsICHUThH IMOHSITUE
TUTOLLIATA.

I'eomerpuueckyro ¢urypy Oynem Ha3blBaTb HpoCMOU, €CIA €€ MOXHO
pa30duTh Ha KOHEUHOE YMCIIO IUIOCKUX TPEYTroJbHUKOB.

HamoMHuM, 4YTO NJIOCKMM TpPEYroJbHUMKOM Mbl Ha3biBa€M KOHEUYHYIO
YacTb IIJIOCKOCTH, OTpaHMYEHHYIO TPEYroJbHUKOM. BBINMyKJIbIE MHOIO-
YIrOJIbHUK pPa30MBaeTCsl Ha IUIOCKUE TPEYrOJbHUKMU JUMAroHajsIMM, IpPOBe-
JIEHHBIMU U3 KaKOM-HUOYIb €ro BeplUMHLI (puc. 1, a).

Hnst mpocThix GUIYyp naowads — 5TO MOJOXUTEIbHAS BEJIMYMHA, YMC-
JIeHHOe 3HauyeHue KOTOpOM o0jiagaeT CJIEeAyIOLIMMU CBOMCTBAMM (aKCHO-
MaMu).

CgoiictBo 1. Pagnvie ¢hueypvl umerom pasuvie naoujadu.

Cgoiicteo 2. Ecau MHO020y20abHUK cOCMaBaeH U3 HECKOAbKUX Henepek-
DPbIBAIOUUXCS MHOR0Y20NbHUKO8, MO €20 NA0Wadb pasHa cymme naoujadetl
SMUX MHO20Y20NbHUKO08.

l'oBopsi, uyTOo durypa F coctaBieHa U3 HECKOJbKUX HEMepeKphi-
BaloIIMXcs QUTyp MMeeTcsl B BUAY TO, 4TO: 1) F COCTOUT U3 CyMMBI IUIO-
maneit aTux ¢puryp u 2) JoOble ABAa U3 3TUX MHOTOYTOJbHMKOB HE MMEIOT

@ a 6 C ¢ B C
B
B D
h D
kKK
F
A E A F A D
SABCDE :SFi +SF2 SABCD :Sfi +SF2 +S}:3
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o01IMX BHYTpeHHuX Touek. Hampumep, Ha puc. 1,6 u 1,6 MHOro-
YTOJbHUKU COCTABJIEHBbI U3 HEMEPEKPBIBAIOLINXCS MHOTOYTOJIbHUKOB.

CpoiictBa 1 1 2 Ha3BIBAIOT OCHOBHBIMU CEOUCMBEAMU NAOWAOCI.

2. W3zmepenne miomaneii. M3mepeHue muiomaay MPOBOAUTCS C IIO-
MOLIbIO BBIOPAHHOW €IWHUILIBI U3MEPEHUS AHAJOTMYHO U3MEPEHUIO JJIMH
OTpe3KOB. B pesynbTaTe Mojiydyaercsl uucieHHoe 3Ha4eHue naoujadu NAHHOM
urypsl.

[Inomwans — 3TO OAHA M3 OCHOBHBIX MAaTEMATUUYECKUX XapaKTEPUCTUK
IUIOCKOU urypnl. B mpocTeiiiux ciaydyasx 3HaueHUe IUIoIanau (UIypbl
MOXHO IOJIyYUTh, ITOCUMTAB YMCJIO €AMHUYHBIX KBaJApaTOB, T.C. KBAIPaTOB
CO CTOPOHOM, paBHOW €IMHUIIE IUIMHBI, U3 KOTOPBIX COCTaBJEHa JaHHAas

¢urypa.

Ceoiicto 3. Iliowaode keadpama co cmMOpoOHOU, paAGHOU eduHuye
OAUHbL, pasHa eouHuye NAoUaAouU.

TakuM 00pa3zoM, cripaBeIjiMBa cieaylolas TeopemMa (yTBepKaeHue).
Teopema.
ILnomanp KBajapara co CTOPOHOI a paBHA a’.
OObIYHO, TUIOIIAAb O0O3HAYaeTCsl 3arjaBHOM JaTMHCKOW OYKBOM .
3HAUMT, MJIOLIAb KBajpaTa CO CTOPOHOI a BbIUMCIISIETCS MO (hopMyJIE:
S=a’
3. PaBHoBeJIHKHE (DUTYPBI.

Onpenenenne. Ecau o0un u3 08yX MHO20Y204bHUKO8 COCMABAEH U3 (hu-
2yp, PABHBIX COOMBEMCMBEEHHO MeM, U3 KOMOPbIX COCMAGAeH OpYeoll MHO-
20Y201bHUK, MO MU MHO20Y20AbHUKU HA3bl6AIOMCS PABGHOCOCMABACHHbIMU.

Ecaun nBa MHOroyrojbHMKa HMMEIOT PaBHBIC ILIOIIAAM, TO OHM Ha3bl-
BalOTCSI pAGHOGeAUKUMU MHO20y204bHUKamu (puc. 2).

PaBHBIE MHOTOYroJbHMKHM pPaBHOBEIUKM (CBOMCTBO 1), HO oOpaTHOe
yTBepKACHUE, YTO eCIu ABe (UTYphl OyIyT paBHOBEIMKHUMU, TO OHU OyIyT
paBHBIMHU, BOOOIIIE TOBOPsI, OyIET HE BEPHBIM.

3anaua. Ha npomomxenuu cropousl DC nipsimoyronbHuka ABCD oTMe-
yeHa Touka E, cumMeTpuyHasi Touke D oTHocuTeabHO BepiuuHbl C (puc. 3).
HoxkaxuTe, 4TO TUIOLIAAb TpeyroibHuKa ADE paBHA IUIOLIAAU TIPSIMOYTOJIb-

Huka ABCD.
() |(3) E
.
£ f B F |
] I_C
Z 7 B - 1 !
A D
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Jlokazamenvcmeo. Ilyctb F — Touka nepeceyeHusi ctopoH AE u BC.
TpeyronbHuku ABF u ECF paBHbl (1O KaTeTy U octpomy yriy: AB= EC,
/BAF= 2F). TpeyronbHuk ADE coctaBieH wu3 Ttpaneuuu AFCD wu
TpeyronbHuka ECF, a npsimoyroibHuk ABCD cocTaBiieH U3 TOU ke Tpare-
uuu AFCD wu tpeyronbHuka ABF, paBHoro ECF. Takum o0pa3oMm, Tpe-
yroibHUK ADE u nipsimoyroibHUK ABCD cocTaBjieHbl U3, COOTBETCTBEHHO,
paBHBIX UTYP U, CJIENOBATEIBHO, PABHBI UX IUIOIAAU. YTO U TpebOBAIOCH
JI0Ka3aTh.

IIpakTyecKn MOXHO M3MEPUTh WJIM BBIUMCIUTDH ILUIOLIANAL OO0 (pu-
Typbl, €CJIM TaKasl IUIOLAb CyllecTBYyeT. Yalle 1js1 onpeneaeHus riomanei
pa3MyHbBIX (Uryp nojab3yloTcss dopmyaaMu. YcTaHOBJIEHUEM (Gopmy
IUIOLAIei HEKOTOPBIX (DUTYP MBI 3aiiMeMCSl B CJICIYIOLIUX TeMax.

Bonpocst, 3a0auu u 3adanus

1. 1) a) Yro Ha3biBaeTcsl mpocToit ¢urypoii? 6) YUto Bbl MOHMMAaeTe MO.
iowanbio purypsl? B) ChopmMyaupyiiTe OCHOBHbIE CBOMCTBA TLIOLIAIN.
2) Kakue nBa MHOroyrojJibHMKa Ha3bIBalOTCSI PABHOCOCTABJIEHHBIMU?
3) Kakue ¢urypbl Ha3bIBalOTCSI paBHOBEJIUKUMU?
2. Haiinure nioanb KBajapara, €Cjii ero CTopoHa paBHa:
1) 1,3 cm; 2) 0,15 dm; 3) 2,5 cm; 4) 18 dm; 5) 2,5 m.
3. Haiigute CTOpPOHY KBaapara, €CIM €ro Iuiowaab paBHa: 1) 16 dm?;
2) 144 cm?; 3) 121 cm?; 4) 499 mm?; 5) 0,64 dm?; 6) 6,25 m?.
4. Haiinure 1uiolaab KBaapara, MEepUMETP KOTOPOro paBeH MEepUMETPY
MPSIMOYTOJIbHMKA CO CTOpoHaMu 54 cM U 42 cM.
5. Hokaxwure, 4ro TpeyroibHUkU Q, u Q,, Ha PUCYHKE 4 paBHBI.

'~

6. Ilnowans kBagpata paBHa 36 cm? Kakoil craHeT IIolIagb KBaapara,
€CJIM BCe €ro CTOPOHbI: 1) yBeIMUMTh B 2 pasa; 2) yMEHbIIUTh B 3 pasa;
3) yBeaUuMTh Ha 2 cm?
Oopaszen. ITmomane kBagpata paBHa 81 cm? Kakoil craHer Iiouianb
KBajpaTa, €Cju BCE ero CTOPOHbI YMEHBIIUTh HA 1 cm?
Pewenue. CTopoHa NaHHOrO KBajapara paBHa a=9 cm, a CTOpOHa HO-
BOro Kpajpata paBHa a,=a-1=9-1=8 (cm). Torma S, , =8 =
=64 (cm?). Eciu Bce CTOPOHBI JaHHOTO KBajJpaTa YMEHbBIIWTh Ha 1 cm,
TO TOTJA ero IJIOLIaAb yMeHbIIUTCS Ha S — S, =81 — 64 = 17 (cm?).

Omeem: ymeHblINTCS Ha 17 cm?,

{
olo, %lo F A;
- e

6

a o0 8
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7. Crnenyet Ju U3 paBHOCOCTABJICHHOCTU JBYX MPSIMOYTOJbHUKOB:
1) paBeHCTBO 3TUX MPSIMOYTOJbHUKOB; 2) UX PAaBHOBEIMKOCTh?

B Kax m3meHuTCA TUIOLIANb KBagpaTa, €CIM BCE €r0 CTOPOHBI: 1) yBenu-
YUTb B n pa3? 2) yMEHbIIUTb B k pa3?

9. Hapucyiite kBaapar. HapucyiiTe apyroili kBaapar, CTOpoHa KOTOpPOTrO B
2 paza OoJibllie, YeM CTOpOHa MepBOro kpaapatra. Bo ckoibko pa3s
IUIOLIAAb BTOPOro KBajapara OoJiblle IUIOLIAAM TTepBOro?

10. ITyctb AD — Goabliiee ocHoBaHue Tpaneuuun ABCD. Yepe3 cepenuHy P
cropoHbl CD u 4yepe3 BeplUMHY B mpoBeneHa IpsiMasi, IepeceKarolas
ayd AD B Touke F (puc. 5). Jlokaxurte, 910 S, p0p = S pr

lokazameavcmeo. 1) ABCP=AFDP — 10 CcTOpoHE U JBYM
npuiexamuym K Heid yram (CP=... — ..., ZBCP=/...—... 1 ... , TaK
KaK 3TU YIJIbl ... MPU MEPEeCeYECHUN IapaIEAbHbIX MPSIMbIX ... U ...
CEKYIUMMH ... U ... , LZBPC= Z... — ...), T.e. Spcp= ... .

2) Sipep=Suppp t s Supp= Sugpp T .-, TOITOMY S 50p = .. -

3anoHuTe MPOMYCKMU.
11. Haiinute nmepuMeTp KBajapaTa, €C/IM €ro ruiollalb paBHa:

1)2,25cm?;,  2) 0,81 dm?  3) 289 mm?,  4) 5,76 m?;, 5) 400 dm?.
12. Ha pucyHke 6 yKaxxuTe paBHOBEIMKUE DUTYPHI.
13. Teppuropusi Pecnyonuku Y36ekuctaH coctapisier 448,9 Toicsy km?.

Okono 80 % osroro miomany 3aHUMaeT paBHUHA. CKOJBKO ThICSY
KBaJIpaTHBIX KUJIOMETPOB COCTaBJISIET TIOIIAAb PABHUHBI?

\
3HATh 3TO MOJE3HO!

O S — OT JaTMHCKOIO CJIOBO
«superfacies», 03HaUYaeT «noeepx-
HOCMb».

O [IInolaagyu MaTepuKkoB, TOCYIApCTB
BBIPAXAIOTCS B KBaIpPaTHBIX KU- Tawicermg
JIOMETpax, IOJIsI OOJIBIIMX pa3Me- i
pPOB U3MEpSIOTCSI B TeKTapax.

Ilonst, He cTONb BEIMKUE IIO
IIOIIAIN, U3MEPSIOTCS B COTKAX.

Teppumopus Pecnybauku
Yabexucman — 448 900 km?

104



46—47. IVIOIIAAD ITPAMOYT'OJIBHUKA
N IHAPAJIVIEJTOTPAMMA

~ 00

1. IInomanp NMpAMOYroJIbHUKA.

Brul pelnanu 3agauu, Haxons ILIOLIAAbL HPSIMOYTOJIbHMKA KakK IIPOU3BE-
JICHHE €T0 CMEXHBIX CTOPOH.

Teneps mokaxeM, 4To 3TO ACHCTBUE ObLIO OOOCHOBAHHBIM.

Teopema.

ILnomann NpAMOYTOJbHUKA CO CTOPOHAMHA a H b BhIUHCISIETCA 1O

dopmyne:
S=a-b.

okazamenvcmeo. [1aH TIpSIMOYTOJIBHUK —CO -
CTOpOHaMU a U b, tne a u b — NMPOU3BOJIbHbBIE MO-
JIOXKUTEJIbHbIE ynciia. JJokaxeM, 4yTo ero IJiouanb
BbIUMCIISIETCs 0 hopmysie S= a - b.

Hns  pgoka3zaTelnbCTBAa TEOPEMbl  JTIOCTPOUM
MPSIMOYTOJIbHUK 10 KBajapara CcO CTOPOHON
(a+ b). PazobbeM B3TOT KBaapaT Ha 4YacTU Tak,
KaK IT0Ka3aHO Ha pucyHKe 1. MBI BUOAMM, YTO €ro
IUIOLLIalb paBHA CyMMe€ JIBYX KBaJpaTOB CO CTOPO-
HaMM a U b COOTBETCTBEHHO U NIBYX IpPSIMOYrojib- | b § S b
HUKOB CO CTOpOHAMU a U b.

Takum obGpasom, IUIOLIAAb KBaapaTa CO CTO-
poHoii (a + b), paBHa S, + 25+ S,. C apyroii cTo- a b
POHBI MO CBOWCTBY 3 IUIONIAAb 3TOrO KBajaparta
paBHa (a + b)?, T.c.

S, +25+ S8, = (a + b))% win
S, +25+ S, = a’+2ab + b
Ecnu npuHaTh Bo BHMMaHMe, 4To S|, = @?, S, = b?, TO monyyaem
S=a-b.

Teopema mokaszaHa.

3anaua 1. Haiimure mepuMeTp NpsIMOYroJIbHUMKA, €CJIM OTHOIIEHUE CO-
CEIHMUX CTOPOH paBHO 3 : 2, a ero ruromans pasHa 150 cm?.

Pewenue. TlycTb MeHbllieE OCHOBaHME MPSIMOYIOJIbHUKA  PaBHO
b=2x cm. Torma miuHa OoJblieil cCTOpoHbI paBHA a = 3x cm. Mcnonb3ys
(opmynny i BBIYMCIEHMS TUIOIIAAM TIPSIMOYTOJIbHMKA, COCTaBUM YpaB-
HEHUE U PeIlrM €ro:

S =3x-2x, T.e. S = 6x2

Otkyma x2=8:6, x*=150:6, x2=25, x=5 (cm).

HMtak, MeHblIasi CTOpOHA MpsSMOYTrojibHUKA paBHa b =2 -5 =10 (cm),
a ero OoJjbllasi cTopoHa paBHa a = 3 -5 = 15 (cm).
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@ B Ternepb BBIMUCIUM €TI0 TIEPUMETD:
P=2-(a+b)=2-(15+10) =

\ =2-25 =150 (cm).
o CF Omeem: P = 50 cm.
" 3anaya 2. KaTteTbl MpsIMOYrOJIbHOTO Tpe-
yrojbHUKa paBHbl 12 cm u 24 cm. Yepes ce-
i I_E I—C peIuHy TUIIOTEHY3bl IIPOBEACHBI IEePICHIN-

KyJsapbl K Kareram. HalinuTe miomaab mosy-
YEHHOTO MpPsIMOYIOJIbHUKA.

lano: B npsimoyroaibHoM AABC: AO= 0B, OE.1l AC, OF_1 CB,
AC=24 cm, BC=12 cm (puc. 2).
Tpebyemca natimu: Sqpop.

Pewenue. Ham 13BeCTHO, UTO ABa MEPIEHAMKYJISIpa K OIHOW IPSIMOM,
napanenbhbl. [To Teopeme Paneca:

AE=EC=0,54AC= 0,5-24=12 (cm),
CF=FB=0,5BC=0,5-12=6 (cm).
Urak, Scppp= CE- CF=12-6 =72 (cm?).
Omeem: mionianpb npsimoyrojibHuka CEOF paBHa 72 cm?.
2. Ilnomaap mapajuieorpamMma.

JI100y10 CTOpOHY MapasuiesiorpaMMa MOXHO TIPUHSTb 32 €r0 OCHO8aHUe,
a TIePIEeHAUKYISAP, IPOBEAECHHbBIN U3 J1000M TOYKKW NPOTUBOMNOJIOXKHON CTO-
POHBI K TIpSIMOM, cCoIepXallleil OCHOBAHWUE, — BbICOMOU NAPAALeN0ePAMMA.
BricoTa MOXeT OBbITH OIylIEHA HAa caMy CTOPOHY WJIM Ha €€ MPOHAOJIKEHUE.
Ha pucynke 3, BP u CF — BbicoTbl napajienorpamma ABCD.

Teopema.

ILnomanp mapajiesiorpaMMa pPaBHA NPOU3BENEHHI0 €r0 OCHOBAHHWS HA
BBICOTY:

S=a-h,
PaccmorpuMm  mapannenorpamm  ABCD.
@> B c IIpumem 3a ero ocHoBaHUE CTOPOHY AD=a u

MyCTh €ro BbicoTa OyneT paBHa 4, (puc. 3).
TpeOyercs nokasaTh, 4To S=a- h,.

h, h, Hoxazameavcmeo.  IlocTtpoum  mpsiMO-

J P yroabHUK PBCF, uMmewoluii Ty e CTOPOHY

A A BC u BoIicOTYy h, Tpeyronbuuku ABP u DCF
A P D F | paBHB (IO TUIOTEHy3e M OCTPOMY VIJY:

AB=DC — runoreny3bl, <Z1=/2 —
cooTBeTcTBeHHbIE yriibl). [lapamienorpamm ABCD cocTaBieH M3 Tpamneuuu
PBCD n tpeyronbHuka ABP, a nipsimoyroibHUK PBCF cocTaBiieH U3 TOM
ke Tpaneuuu PBCD u tpeyroabHuka DCF paBHoro ABP. CnenoBaTelbHO,
iolanas napasmienorpamma ABCD paBHa 1utowaau npsimoyroibHuka PBCF
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(t.e. paBHOBenukue). OTcioga clieayeT, 4TO IUIOLIAIb IapajjiesorpaMmma
ABCD pasHa mowaau npsmoyronbHuka PBCF, T.e. ah,.

Hrak, muowans S napaienorpaMMa co CTOPOHOM a W BBICOTOH £,
MPOBEJEHHOMN K HEU, BBIUMCIIETCS 110 (hOpMyJIE:

S=a-h,

YTto 1 TpedoBaIOCh 10KA3aTh.

Cnencreue 1. Ecam B AByX mMapajuieiorpaMMax OJHO OCHOBaHMUE U
BBICOTBI PaBHbI, TO OHM PABHOCOCTABJIEHHBIE.

Jlano: B napamnenorpammax ABCD, AEFD u APQD ogHO OCHOBaHUE
AD = a, BbICOTHI paBHHI (4,) (puc. 4).

Tpebyemcs dokazams, uto mnapasienorpammbl ABCD, AEFD u APQD
PaBHOCOCTABJIEHHBIE.

Jlokazamenvcmeo. Hanpumep, nokaxeMm, uyto mnapasuiegorpammbl ABCD
u AEFD paBHococTtaBieHHble. TpeyroabHuku BAE w CDF paBHbl (110
IepBOMY IMPU3HAKY pPaBEHCTBA TPEYrOJbHUKOB), TaKk Kak BA= CD u
AE= DF, u Z/BAE= ZCDF (XaK yrjibl CO COOTBETCTBYIOLIMMU Mapasjiesb-
HbIMU cTopoHamu). CienoBarenbHO, napajenorpaMm ABCD cocrtaBieH U3
tpanteuuu AECD u tpeyronbHuka BAE, a napamienorpamm AEFD coc-
taBjieH u3 Tpaneuuu AECD u tpeyroabHuka CDF, paBHOTO TPeyroJbHUKY
BAE. 3nauut, napamienorpammbl ABCD u AEFD paBHOCOCTaBJIEHHBIE.

AHaJIOTMYHO, MOKAa3bIBAIOTCSI PABHOCOCTABJIEHHOCTU OCTAJbHBIX Mapa-
JIeJIOTPaMMOB.

3anaua 3. CtopoHbl napajuienorpaMma paBHbl 25 cm u 20 cm. Bricora,
OIyllIEHHAasl Ha MEPBYI CTOPOHY, paBHa 8 cm. Haiigute BBICOTY, OITy-
IIEHHYIO Ha BTOPYIO CTOPOHY MapasuiejiorpaMmma.

Ilano: B napaienorpamme ABCD:

AD=a=25 cm, DC=b=20 cm, h,=8 cm (puc. 3).

Tpebyemca navimu: h,.

Pewenue. 1) S=ah,=25-8=200 (cm?). @

2) S=bh, Te. 200=20-h, Ortkyna
h,=200:20= 10 (cm). A

Omeem: 10 cm.

Caencrsue 2. Ilmolianbs mapajuieiorpaMma (o
paBHA MPOU3BEACHUIO JIBYX €0 CMEXHBIX CTO- | 4 P D
POH Ha CUHYC yIja MeXay HUMHU. [JoKkaxuTe.
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Jlokazameavcmeo. Ilyctb B mapamnenorpamme ABCD: AD=a, AB=b n
ZBAD = a. Jlokaxem, 4TO IJIOLIAAb MapajuieJilorpaMMa BbIYMCIISIETCS II0
dbopmyne S = ab sino.

IIposenem B mnapamienorpamme ABCD Bbicory BP u 0003HauuMm ee
BP=h,=h (puc. 6). Torna B npsiMOyroJibHOM TpeyroibHuke ABP BbicoTa
h sBnsieTCS KaTeToM, IMPOTMBOJEXKAIIUM YIIy o. BbeIpa3suB A 4depe3 mpo-
MU3BEJCHUE CTOPOHBI b Ha CMHYC yrja o, umeeM: kA = bsino. IloacraBisiem
BbIpaXXeHue Wil 4, B opMyJly IUIOLIAAM Mapajieiaorpamma S = ah. Orciona

S'= ab sina.
@ B C 3apaua 4. Jano: ABCD — mnapai-
nenorpamm, AD=20 cm, BD=16 cm,
ZBDA = 30°.
Tpebyemca natimu: S ,pcp-
30° Pewenue. Cnoco6 1. 1) Ilposenem
A P D BLICOTY BP maHHOro mnapajuiejorpamma

MU pacCMOTpUM  TpeyrojbHUK BDP
(puc. 7). OH OpsIMOYroJbHBIN, Tak Kak BP 1 AD. Tenepb HaXxoOUM BBICOTY
BP. Karet HanpotuB yrja 30° paBeH MOJOBUHE TMIIOTEHY3bl, TIO3TOMY:

BP= 0,5BD=0,5-16=8 (cm).
2) Takum obpaszom, miowanb napajaieiaorpamma ABCD paBHa:
S=AD- BP=20-8=160 (cm?

Cnoco6 2. B mpsiMoyrojibHOM TpeyroibHuke BDP Beipazum BP uepe3
CTOpOHY (rumoteHy3y) BD u cunHyc ymia /BDP=30° U noacTaBuB B
(opmyiy momany mapajiiesorpaMMa, HaxXoauM MCKOMYIO TUIOLIAb:

S=AD- BP=AD- BD - sin/BDP=20"16 -sin30° =
=20-16-0,5=160 (cm?).

Omeem: S= 160 cm?,

Bonpocst, 3a0auu u 3adanus

1. 1) Yemy paBHa 1uIolIaab MPSIMOYTOJbHUKA?

2) Kakoe 13 CcBO#CTB (aKCMOM) ILJIOLLIAAM MCIIOJL30BaJIOCh MPU TOKa-

3aTeJIbLCTBE TEOPEMBbI O TUIOLIAAN MPSIMOYTrOJbHUKA?

3) Uto Bbl MOHMMAaETe MOJ OCHOBAHWEM M BBICOTOH Mapasuiesiorpamma?

4) Kak BbIpaxaeTcsl IUIolIaab IMapajieJjorpaMMa 4yepe3 CMeXHbIE CTO-

POHBI U YIOJl MEXIy HUMU?

2. Haiinurte nepuMeTp M IUIOLIAAb NPSIMOYTOJbHUKA, €CJIU CMEXHBIE CTO-
poHbl paBHbI: 1) 30 cm 1 2,9 cm; 2) 34 dm 1 0,6 dm; 3) 2,5 dm u 12 cm.

3. Haiinute nepuMeTp M oAb MNPsIMOYTOJbHUKA, €CIM OlHA CTOPOHA
paBHa 15 dm, a Bropast B 5 pa3 0oJibllie IEPBOIA.

4. backer6ospHas Tiomanaka romanbio 240 m? cocrapnsger 15 % cnop-
TUBHON ruiowaaku. Ilmomaas CHOPTUBHOM IIOLIAAKKA COCTABJISIET
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32 % oTr Bcell LIKOJABHON Iutolany. Halnure tuiomans BCceil MIKOJIbHOMN
IUTOILIAIN.

5. Hajigute mepumerp U IUIOWIAAb IIPSIMOYTOJbHUKA, €CJIM OAHA CTOPOHA
paBHa 23 cm, a Bropas cTopoHa Ha 17 cm OoJibllie APYTO.

6. Haiinure nmepuMeTp mpsIMOYTrOJIbHUKA, €CJIA €ro IUIolaas paBHa 20 c¢cm?
u 1) mmmHa paBHa 5 cm; 2) miMHA cocTaBisieT 125 % oT IMpPUHBI,
3) omHa M3 CTOPOH paBHA X.

7. Haiinute miowank npsimoyroibHuka ABCD, eciu: 1) AB=9 cm,
BC=4cm; 2) AB: BC=5:7, P;cp=48 cm.

8. IlycTh ogHa M3 CTOPOH mapajiesiorpamMma paBHa 16 cm, BbICOTa, MPO-
BelleHHas K Hel paBHa 9 cm. Haiiaute cTopoHy KBajapaTa, paBHOBe-
JIMKOTO TapajjieiorpaMmy.

9. Ilyctb a — ocHOBaHMe, # — BbICOTa, a S — IJIOLIAAbL IapaliejaorpaMmma.
Haitnure: 1) S, ecu a=10 cm, h,=0,5 m; 2) a, eciu h,=4 cm,
S=48 cm?; 3) h,, ectu a =24 cm, S =120 cm?.

10. Ha pucyHke 8 ykaxkuTe paBHOBEJIMKUE MapajlieIOrpaMMBbl.

- Kaxk u3mMeHuTcs 1iomanb MpsIMOYTOJbHUKA, e€ciu: 1) ero ocHOBaHUE

YMEHBIIUTb B 5 pa3, a BbICOTY YBEJIMYUTh B 8§ pa3; 2) U OCHOBaHME, U
BBICOTY YMEHBIIIUTh B 2,5 pa3a?

12. Kakyio yacTb cocTaBisieT IUiowanab S ¢Gpurypbsl OT IUIOLIAAM Iapas-
nenorpamma ABCD Ha pucyHke 9?

13. Haiinute ruioiaab NpsIMOYroJbHUKA, €CJIM CMEXHbIE CTOPOHBI PaBHBbI:
1) 24 cm u 20 cm; 3) §mwu 4,5 m;
2) 3,5dmu 8 cm; 4)3,2dm u 1,5 dm.

14. ITnowanp napaiesorpamMmma paBHa 36 cm?, BeICOTHI 3 ¢cm U 4 cm.
Haiinute mepumerp 3TOTO MapajuiejorpaMmma.

15. Haiinute miomans mnmapajiesorpaMma JIByMsI CHOCOOAMM, €CIIU €ro
CTOpOHBI paBHBI 20 cm 1 28 cm, a yroa mMexay HuMu paseH 30°.
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@ 48. TUIOMIAIIb TPEYTOJIbHUKA D

DopMmyny [jisi BBIYMCIEHUS TUIOLIAAM TPEYroJbHUKA, BbIBEAEM CBEIS
3a7a4y K HaXOXACHUIO TIOLIAAM TapajuiejiorpaMma.

Teopema.

ILromaasr TpeyroJbHUKA PABHA MOJOBHHE NMPOU3BEIECHHS €r0 OCHOBAHMS
Ha BBICOTY:

1
S=5a'ha,

i€ a — OCHOBAHHUE TPECYroJibHHUKA, ha — BbICOTA NMPOBCACHHAA K OCHOBAHHIO.

okazamenvscmeo. IlycTb naH Tpe-
@ A D yronbHUK ABC (puc. 1). Jdoctpoum
TpeyroibHUK ABC no mnapaiesorpam-
mMa ABCD (BC — ocHoBaHME), Kak
MOKa3aHO Ha pHUCYyHKe. TpeyrojbHUKU
BAC n DCA paBHBI, TaK KakK JIMaro-
Haib AC mapajuielorpaMMa JIeJUT €ro
B P C Ha JBa paBHBIX TpeyrojbHUKa. Ilosto-
My MX Iuiowaau paBHbl. ClenoBartelib-
HO, mjowanb mapajienorpamma ABCD B nBa pasza OoJibllle IUIOLIAAU
tpeyronbHuka ABC, T.e. 25=a" h,.

ah,
5 Teopema mokazaHa.

Otcrona, § =

Dopmyity 115 TUIOLIAAA TPEYroJbHUKA MOXHO C(hOPMYJIMpPOBaTh U TaK:

niowadv mpeyzoabHUKa PAeHA Npou3éedeHulo cpedneil AUHUU MPeEYyoab-
HUKa, napaiieabHoli 0CHOGAHUIO, HA 6bICOMY, ONYUWICHHYI0 HA MO OCHOGAHUE

(puc. 2):

a
S_E'h

Cnencreue 1. Iliowaoe npamoyeonvbHoeo mpeyeoabHUKA pABHA NOA0BUHE
npouseedenuss eco Kamemoe, TaK KaK OIMH M3 KaTeTOB MOXHO OpaTbhb 3a
OCHOBaHME, a BTOPOM 3a BHICOTY (puc. 3).

Cnencreue 2. [liowadu 0syx mpeyeoabHUK08 OMHOCAMCA KAK Npou3ee-
OeHus Kaxcdoeo OCHOBAHUS HA COOMEemcmayouyo evicomy (puc. 4).

B s[4 G @
. apiBC B
D pAPTR T s L
AD= DB
< = AE=EC
DE=0,5a
B P C C a B A D ¢4 D G
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BC=a
AE1 BC
n AE=h h h,
" DF1BC | ji
L DF=h, | p C E B a C

Sue _ 05AC-BD _ AC-BD
Suze,  054C -BD  AC-BD

ﬂoxawmeﬂbcmeo.

Cnenctue 3. Omuowenue naowjadeii 08yX mpeyeoabHUKO8 ¢ 00UHAKO-
8bIMU OCHOBAHUSAMU PABHO OMHOUWIeHUIO uXx evicom (puc. 5).

SABC _ 0,5a'hl _ hl

ﬂoxawmeﬂbcmeo. .

Cnencreue 4. Omuowenue naowadeli 08yX mpeyeoabHUKO8 € 00UHAKO-
8bIMU BbICOMAMU PABHO OMHOUIEHUIO UX ocHosanuil (puc. 6).
SABC _ O,SBCh _ BC _ a
Syse O5BE-h  BE g

Joxazamenvcmeo. , tne BC=a, BE=a,.

Cnencrsue 5. TpeyeoavHuku ¢ 00UHAKOBLIMU OCHOBAHUSMU U BbICOMAMU
pasroseauku (puc. 7).

llokazamenvcmeo. Sy,c= Sppe = Spec = 0,5ah,. B AB=c
Cnencreue 6. [Iliowads mpeyeosvHuka paeHa ﬁgfz
NON08UHE NPOU3BeOeHUs 08YX €20 CMOPOH HA CUHYC -
yeaa mexcoy HUMU. h
Lokazamenvcmeo. Ilycte BC=a, AC=b, AB=c b
— CTOpoHbl TpeyroibHuka ABC. Jlokaxem, 4TO S "
S = %bc sin A. IIpoBenem B TpeyroibHuke ABC Bbl- | A D C

coty BD =h, (puc. 8). Belpazum #, yepe3 CTOPOHY ¢
u cuHyc yrna A: h,=csinA. [loacraensas BeipaxeHue mnst h, B dopmyny

IUTOIIAAM TPEYTOJbHUKA S = %bhb, MoJIydyum (opmyy:

S =%bcsinA.

AHaJIOTUYHO BBIBOOITCS (POPMYJIbI U1 BBIYMCICHMUS TUIOLIAAA Tpe-
yroJibHMKa CO CTOpOHaMu a, b u cuHycoMm yria C, cO CTOpOHaMHu a, ¢ U
CUHYCOM YyIia B.

TakuM o0pa3oM, IIOLIAAb TPEYrojJbHMKA IO ABYM CTOPOHAM U YIJIy
MEXIy HUMM BBIYMCIISIETCS 110 (popMyJiam:

S=%absinC=%acsinB =%bcsinA.
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Ewme ogHa dopmyna, BeIpaxarolasi IJjollaab TPEYroJibHUKA Yyepe3 ero
CTOPOHBI OblJIa BIIEPBbIC HalilieHa TpeBHErpeueckuM mMaTteMaTtukoM I'eponom
(mpubausutenbHo 1 B. H.3.) U3 AJIeKCaHAPUU U HOCUT Ha3BaHUE Gopmyvl
Tepona. ®@opmyna I'epoHa MCHONB3YEeTCS [JIs BbIYMCAEHUS TUIOLIAAN
TpeyrojibHMUKa B cJlyyae, KOrja M3BECTHbI UIMHBI BCEX TpPeX CTOPOH Tpe-
yTOJIbHMKA.

ITpoBenem nokaszarenbcTBO (hopMmylibl ['epoHa.

Kaxk Bbl 3HaeTe, IjIolIajb TPEYroJibHUKA paBHA I1OJOBMHE IPOM3BE-
JIEHUST OCHOBAaHUS Ha BBICOTY: S = %a “h, = %b “hy = %c -h,.

IloactaBuM B 3TU BbIpaXeHUsI (POPMYJbI BBICOT 4Yepe3 CTOPOHBI Tpe-
yroJbHUKA

ha =2p(p=a)(p=b)(p=0) , hy =3[p(p—a)(p—b)(p—0) m

2
he ==\p(p-a)(p-b)(p-c),
1 1IOCJIC YIIPOLICHUA, HAXOANM:

a+b+c

S=\p(p-a)(p-b)(p-c), e p=—3
@ B AD=DC 3amagya 1. JdokaxurTe, 4TO MeauaHa
pa3buBaeT TPEYroJibHUK Ha JBa paBHOBE-
BPLAC JIMKUX TPeyroJbHUKa.

Pewenue. Tlycte BD — MenuaHa Tpe-
yronbHuKa ABC (puc. 9). TpeyroibHUKu
ABD w CBD wumeT paBHBIE CTOPOHBI
ADwu DC un ob6myio BeicoTy BP, T.e. Tpe-
D C VIOJIbHUKY, Ha OCHOBAaHUM CJIEACTBUS 3,
paBHOBEJMKU: S,5p= Scp)

B C 3amaua 2. Jano: ABCD — npsiMo-
yroabHUK, AC=20 cm, BP= 12 cm,

BP 1 AC (puc. 10).
Tpebyemca natimu: S ,pcp-
Pewenue. 1) S,3.=0,54AC- BP=
P =0,5-20-12=120 (cm?).
2) Sipep=2"Spc=2-120=240 (cm?).

Omeem: S 50p=240 cm?.

~ ol

A D

Bonpocst, 3a0auu u 3adanus

1. 1) Yemy paBHa IuIOlIab TPEYTroOJbHUKA?
3) Kak BblumucisieTcsl miolanb NpssMOYToJIbHOTO TPEyroJibHUKa?
4) Kak BbIUMCJISETCS TLI0OLIAAb TPEYroJbHMKA 10 TPEM CTOPOHAM?
HaiinuTe miomaab MpsIMOYrOJbHOTO TPEYrojbHMKA, €CJAM €ro KaTeTbl
paBHbL: 1) 4 cmu 7 cm; 2) 1,2 dm u 25 cm.

112



3. OcHoBaHue omHoro TpeyroibHuka 20 cm, BbicoTa 8 cm. OcHoBaHuE
BTOpOro TtpeyrojibHuka paBHa 40 cm. Kakoii nokHa OBITH BbICOTa
BTOPOI'O TPEYrojibHUKA, YTOObl OHU ObLIM PAaBHOBEIMKUMMU?

4. B tpeyronbHuke ABC cropoHa AB=5AC. YeMy paBHO OTHOILIEHUE
BBICOT, MPOBeAEHHBIX 13 BepinuH C u B?

5. a— ocHoBaHMe TpeyrojbHUKa, 4 — BbICOTA, ONYIIEHHAas Ha OCHOBa-
Hue, S — mowanb TpeyrojbHuka. HalinuTe HeM3BECTHBIC BEJIMUYMHBI.

1 2 3 4 5 6
a 69 cm 0,8 dm ? 0,25 m ? 0,9 m
h, 0,5m ? 20 dm 100 cm 4,8 cm ?
S ? 4 cm? 2000 cm? ? 9,6 mm? 36 dm?
6. dokaszaTb, 4TO IIpOM3BEACHME KareToB (a u b)
pPaBHO MPOMU3BEACHUIO TMIIOTEHY3bl (¢ ) Ha BBICOTY A @
(h.), ONMyLLUEHHYIO W3 BEPLUMHBI MPSIMOrO yIja Ha
runorenHysy (puc. 11). AB=c
Pewenue. Ecau oguH KaTeT IPUHSITH 3a OCHO- b
BaHUE, TO Ipyroii KareT OyaeT BbicOToi. IloaTomy 5 D
IUIOILAb MPSIMOYTOJIBHOTO TPEYrojbHUKA paBHA /’
MOJIOBUHE IIPOM3BEACHUSI €ro KareToB: S =lab,
2 C a B

orkyna ab=2S8; § = %chc, otkyna ch,=2S. 3Ha-

yuT, ab = ch,. YTo u TpeOOBAIOCTb 1OKA3ATh.
Haitnute ¢ (teopema Iludaropa) m h, (ab=ch,, ecnu ero KareTsl
paBHBL: 1) 12 cm 1 16 cm; 2)Scmu 12 cm.

7. Ha pucyHke 12 ykaxXuTte paBHOBEIUKUE TPEYTOJbHUKM.

- HaiinuTe muomans TpeyrojbHUKa 1Mo TpeM ctropoHaM: 1) 39 cm, 42 cm,
45 cm; 2) 35 cm, 29 cm, 8 cm; 3) 20 cm, 20 cm, 32 cm.

9. Kakylo 4YacTb COCTaBJseT IUIOLIAAb S 3alUTPUXOBAHHOW 4YacTU OT
iowaay napamieaorpamma ABCD Ha pucyHke 13?

10. ITnowanp TpeyroabHMKa paBHa 150 cm? Haiigure nepumerp Tpe-
yroJIbHMKA, €CJAU €ro BhICOThI paBHbI 15 ¢cm, 12 cm u 20 cm.

11. Haiinute mioiaab TpeyrojibHUKa, ABE CTOPOHBI KOTOPOro paBHbI 5 dm
u 6 dm, a yron Mexay HuUMM paBeH 30°. Pemure nBymst criocobamu.

X7 |
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| 49—50. IIJIOIIALb POMBA U TPAIIELIU |

1. Ilnomans pomda. Tak Kak pomO sIBisSIeTCs IapaiieorpaMMOM, TO
iow@ans poMdéa MOXXHO BBIYMCIIUATB 110 CTOPOHE @ U BBICOTE /1, 10 (hopMmyJIe:
S = ah,.

HaM u3BecTHO, 4TO BC€ BHICOTHI pOMOa paBHBIL.
Kpome Toro, mioiaab pom6a MOXHO BBIYMCIUTH C MTOMOIIBIO €ro Jaua-
TrOHaJIei.

Teopema.

HJ'IOI[laIlB p0Mﬁa PAaBHA MOJIOBUHEC INPOU3IBCACHHUA €TI0 nnaronaﬂeifl:
S=2dy-dy,
rae d, u d, — nnaroHaam pomoa.

Jlokazameavcmeo. W3BecTHO, uTo auaroHaib AC pa3duBaeT poMO Ha
JIBA paBHbIX paBHOOEIPEHHBIX TpeyrojbHuKa (puc. 1). Torma BTOpas
NUaroHajab OyaeT MepneHAUKYJIsIpHA K TEepBOM, U paBHA YIBOEHHOM BBICOTE
ATUX TPEYrOJbHUKOB, MOATOMY IUIOLIAIb pOMOa:

S = Susco = Susc +Spc =5 AC-BO + 3 AC-DO =3 AC-(BO + DO) =
1 1
=74C-BD =54, 4.

1
Urak, S = Edl -d, . Teopema nokaszaHa.

3anaya 1. CropoHa pomba ABCD paBHa a, a OCTPbI Yrojl paBeH o.
Haiinure miomans 3Toro pomo6a. Berunciaure miomaas pomoa, ecinu o = 30°.

Pewenue. 1) Ilyctb y pomba ABCD AB=BC=CD=AD=a, ZA=o.
IIposenem BPLAD (puc. 2). Torna BeicoTa A, SIBASIETCS KAaTETOM, JIEXALLUM
HaIpOTUB OCTPOroO yrjia o B MPSIMOYroJbHOM TpeyrojibHuke ABP. Boipazum
h,4yepe3 CMHyC ocTporo yria o: /,=asin o. IloncraBum 3to 3HaueHue h, B
(bopmyny nast BeluMCIeHUs TUioWaau pomoba §= ah,, NMOIyYUM CIIEAYIOLLYIO
dopmyny:

S'= a?sina.
(0 B (2) B c
=~ -
ha
A u C
0 Y&
- 35 A P D
AC=d, a=AB= BC= CD= AD
D BD=af2 BP 1 AD, BP=h, LA=o.
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2) Haxomum 1uiomaabs poMba, UCIoab3ys popmyny S= a? sina
S=a*sin30°=a?-0,5=0,54 (xB. en.).

Omeem: S = 0,54 xB. en.

3amaua 2. Haiigure nuaroHaau pomba, ecliM ogHa u3 HUX B 1,5 pasa
OoJiblle APYroi, a Imioliaas poMba paBHa 27 cm?,

Jano: ABCD — poM0; S, 5cp=27 cm?; AC=1,5BD (cM. puc. 1)

Tpedyemcs natimu: AC, BD.

Pewenue. Tlycte BD =x cm, Torna AC=1,5x cm. [loacTtaBuB 3T 0003-

HaueHusd B S,,q) =%AC-BD, noiyuum: 27 =%-1,5x-x. Torna x2 = 36,

oTkyaa x = 6 (cm). Takum obpaszom, BD=6 cm, AC=1,5-6=9 (cm).
Omeem: 9 cm, 6 cm.

2. Ilnomans Tpaneuun. M3BECTHO, YTO JItOOOI BBIMYKJIbIA MHOTOYIOJIb-
HUK MOXHO pPa3duThb Ha TPEYroJbHUKMU, MPOBEAS €ro IMaroHajaud, HC-
XOISIIWE U3 ONHOW €ro BeplIMHBI. [103TOMY 1J19 TOro 4YTOOBI BBIYUCIIWTH
IUIOIAAb MHOTOYTOJIbHMKA, €ro Haao MpPeABApUTEIbHO pPa3duThb Ha Tpe-
YIrOJIbHUKU. 3aTeM BBIYMCIWUTH MX Iutowaau. 1o 2-My CBOMCTBY Iuiolaib
MHOTOYTOJIbHUKA paBHA CYMME IUIOLIAICH COCTABISIOIIUX €T0 TPEYroyib-
HUKOB. BocrosbdyeMcss 3TUM CHOCOOOM TIpU  BBIYMCIECHUM  IUIOLIAAN
Tparneuumu.

Teopema.

ILnomaas Tpanenmuu paBHA NPOM3BENAEHHI0 MOJYCYMMbI €€ OCHOBAHMIM
HA BBICOTY:
a+b
S = > -h,
rae a 1 b — ocHoBaHuMs Tpamenud, i — BHICOTA TpPaNeENHH.

Lokazamenvcmeo. Paccmorpum Tpaneuuio ABCD ¢ ocHOBaHUSIMU
AD=a, BC=b n Boicotoit CE=h (CEL AD) (puc. 3).

Huaronanp Tpaneuuu AC pazaensieT Tpa-
neuuto ABCD Ha nBa tpeyrojibHuka ABC u @ B b C
ACD. CrnenoBaTelbHO, IUIOLIAAb Tpameuuun
Oyner paBHa CyMMe IUIOLIQAEH BTUX Tpe-
yroJbHUKOB. Tak Kak pacCTOsiHUE MEXIy
napajuieJIbHbIMU TIPSIMBIMU  TIOCTOSIHHA, TO
BbICOThI TpeyroibHUKOB ABC u ACD paBHBI | A a E D
MeXay COOOI.

OTkyna, S,pc =5 BC-CE=2b-h 1 Sycp =5 AD-CE=2ah.

[Tnowans Tpaneuuu S= 8,50+ S,cp, T-€.:

S=%a-h+%b-h Wi S = ”;”.h.
Teopema moxkaszaHa.
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Cnencteue. [liowads mpaneyuu pagHa npousgedeHuro ee cpeouell AUHUU
Ha evicomy.

DTO ciemayeT U3 TOro, YTO CPEAHsSIs JIMHUS paBHA MOJIYCYMME €€ OCHO-
BaHUIA.

3anaya 3. OcHoBaHug Tpaneuuu paBHbl 15 cm u 30 cm, a mowanb
paBHa 225 cm?2. Haiigute ee BBHICOTY.

Pewenue. CpenHsisi TMHUS Tpareldu paBHa:

a+b 15+30 45

3HauMT, BbICOTA Tpaneluu paBHa:

h=S, : ”;” =225:22,5=10 (cm).

Omeem: h =10 cm.

3amaua 4. JlokaxuTte, 4TO IpsiMasi, TIPOXOISILAsl Yepe3 CepearuHy Cpel-
HEell JIMHUM TparelMu U IepeceKarollas OCHOBaHUS, NEJIUT 3Ty TpameLulio
Ha JIBe paBHOBEJIMKUE YaCTHU.

Pewenue. Tlycte ABCD — tpaneuust (AD| BC), EF — cpenHsis JIUHUS,
a MN — npsimas, npoxonsiias 4depe3 cepeauHy O cpenHell JTUHUM U
nepecekatoiasi ocHoBaHusi B Toukax M u N (puc. 4). Tpaneuun ABMN u
MNDC wumerT paBHble cpeaHue JuHUU EO u OF COOTBETCTBEHHO U
BBICOTBI, paBHbIE BbICOTE MCXOAHOW Tpameuuu. CienoBaTelbHO, ILIOLIAAN
9TUX Tpaleluii paBHbI, T.€. PABHOBEJIUKMU:

Sasun = Sunpc-
Y10 u TpedoBaaoCh 10Ka3aTh.

3amaua 5. JlokaxuTe, 4TO €C/IM AUAroHalIu
@ B M ¢ paBHOOEAPEHHOM TpameLyuy B3auMHO MepIreH-
W, N IUKYJISIPHBI, TO BBICOTA TpallellMM paBHA ee

" F cpenHell JTUHUU, U IUIOLIAAb Tpaneluu paBHa
0\ KBaJpaTy €€ BhICOTHI.

| Jano: ABCD — paBHOOeIpeHHas Tpare-
4 N p| uus (AB=DC), ACLBD, AD=a, BC=b

(puc. 5).
Tpebyemcsa dokazamo:

) h=2xb. 9 Sm=h2:(“—+b)2.

2 0 2
Pewenue. 1) ANAOD — paBHOOEIpPEHHBII
MPSIMOYTOJIbHBIA ~ TPEYroJIbHUK,  IO03TOMY
ZADO = 45°.

2) OmnycTuM U3 BeplIMHBI B  BBICOTY
BP L AD. TpeyronbHuK BPD Takxe paBHO-
) OCAPEHHBI MPSIMOYTOJIbHBIM  TPEYroJIbHUK,

A P D | rtax kak £ADO= 45°, u 3”Hauut, LPBD =45".

116




Otkyna DP= BP. Ham wu3BeCTHO, UTO MO CBOWCTBY BBLICOThI pPaBHOOE-
PEHHOM Tpareuuu, OMyLIEeHHON U3 BEPIIMHBI MEHBIIETO OCHOBAHUS:
a+b

2
3 Sy = L2 h=hh=k nm S, :aTH)'h:aTH)'aTH):(aTH)) _

TakuM o6pa3oM, MbI J0Ka3ajud MOJHOCTbIO, YTO €CJAU AMaroHajiu paB-
HOOEIpEeHHOI Tpaneury B3aMMHO MepIeHAUKYISIPHbI, TO BbICOTA Tpamneluuu
paBHa €€ CpeaHed JMHMUM, W IUIolIaAb Tpaleluuu paBHa KBaapaTy ee
BBICOTHI.

Bonpocst, 3a0auu u 3adanus

1. 1) Kak MOXHO HaiiTU TUIOIIaAb pomMOa C MOMOILIbI €ro CTOPOHBI U
BBICOTbI?
2) Kak MOXHO HalTu IUIOLIAAb poMOa C MOMOIIBIO €ro auaroHauein?
Bripasute ce.
3) Yemy paBHa 1olaab Tpaneuuu?

2. IInowans pomba paBHa 40 cM?, a BbicoTa paBHa 5 cMm. Halingure nepu-
METp 3TOro pomoa.

3. Haiigure muomans pomba, eciu ero: 1) BeicoTa 16 ¢cm, a ocTpblii yrosa
paBeH 30°; 2) ctopoHa 1,8 dm, a ocTpsiit yros paBeH 30°.

4. Ilnomags pomba paBHa 60 cm?, a omHa M3 auaroHaieii — 10 cm.
Haitgure BTOpYIO AMaroHajib 3TOro poMmoa.

5. IMnowans pomba paBHa 30 cm?, a mepuMmeTp paBeH 24 cm. Haiinmurte
BBICOTY 3TOTO poMoa.

6. /lano: ABCD — pomb. /BAD=60°, BP 1 AD, BP= 12 cm (puc. 6).
Tpebyemcsa naiimu: S.
Pewernue. PaccmoTpuM mpsiMOYTOJIbHBINM TpeyroibHUK BPA. Ilo ompe-

. BP
JICJICHUIO CHUHYyca OCTpPOro yrjia: sin A = —B IloncraBuB B 3TO paBeH-

CTBO JaHHBIE, HaXO0OUM AB:

BP 12 @ B ¢

. BP
Sind ="g=>AB =g = =

A3 2 24
=12: 5 =12 =" (cm).

o4 o B .
IMoncraBus AB =a = N sin 60 =5 B \60

A
(Gopmyny rutoaau pomba yepe3 CTOpoHy | A P D
U OCTPBIN yTOJI, UMEEM:

S = a? -sin60° = ﬁzﬁzﬁﬁ
2 3 2

N =963 (cm?).

Omeem: 96~/3 cm?.
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7.

8.

10.

11.

12.

13.

14.

15.

. B npsamoyronapHOM

Haijigure miomanbk poM0a, ey ero AMaroHajayd paBHBL:
1) 1,5dm u 1,8 dm; 2) 24 cmu 15 cm; 3)3,2cm u 0,5 dm.

1) HaiipuTe niolanb Tpanelyu, oCHOBaHUsI KoTtopoit 11 cm u 18 cm,
a BbICOTa 6 cm.

2) OcHoBaHMe Tpamemuy paBHO 26 cm, Beicota 10 cm, a IUIOIIAIb
200 cm?. HaiinuTe BTOpO€ OCHOBaHUE TpaIleLVH.

tpaneuuu  ABCD,
AB=BC=18 cm, /D=45 (puc.7). Haii- (B C (1)
OATe IUIONIanb Tpameuuu. 3aroJHUTe
MIPOITYCKU.

Pewenue. Tlpoenem CF 1 AD. 1) ABCF —
KBagpaT, TaK KaK B IIPSIMOYIOJbHUKA
ABCF cMexHble CTOPOHBI
noatomy AF= CF=... (cm).
2) ACFD — npsimoyroibHbiii, ZF=90° no

. 45°
AB u .., |;A F D

nocrpoeHuto, £D=45" mno

ycinoBuio, mnoaromy ZDCF=..° u, cnemoBarenbHo, ACFD — .. u
DF=..=.. (cm).

3)AD=AF+ .= ...+ ..=..(cm) U Spep=-. cc. = oo = ... (CM?).
Omeem: ... cm2.

Haiigute miomank poMba, eciii €ro yribl OTHOCATS Kak 1:5, a cro-
pOHa paBHa a.

Haitpure rtiowmans  Tpaneuuun ABCD, ecim  AD = 202 cm,

BC =102 cm, AC=24 cm, ZCAD= 45" (puc. 8).

Haijigure miomanbk poM0a, €y ero AMaroHaayd paBHBL:

1)3,5dmu 1,4 dm; 2) 28 cm u 17 cm; 3)42cmwu 1,5 dm.
BricoTta paBHOOEApPEHHOU TpameuuMu paBHA 5 cm, a JAUAroHaaud Iep-
MeHAUKYJIsIpHbI. HaliauTe nomanb Tpaneuumu.

BbrurciuTe miolanb MonepeyHoro ce4eHust pea B BUJIE PaBHOOEAPEH-
Hoii Tpaneuuu (puc. 9).

OcHoBanug Tpaneuuu 16 cm u 12 cm. PaccrosHue oT TOYku mepe-
CeHMSI JMaroHajieii 40 OCHOBaHUI paBHBI 6 cm u 4 cm (puc. 10).

B C

HaiipguTe muolanb 3TOi Tpaneluu.
B E C
L 0]
A F D




( 51. IUVIOIIAJAD MHOTOYTOJIbHUKA )

Jnsg  BbIUMCICHUST TUIOIIAAM  ITPOM3BOJIBHOIO
MHOIOYTOJIbHMKA 4allle BCEro ero pas0ouBaiOT Ha
HeMepeKphIBaIOIIMECS TPEYrOJbHUKU UM HaXOHsT
CyMMYy IUIOLIAAEH STUX TPEYroJbHUKOB. s TOro
YTOObl BBIMYKJIBI MHOTOYTOJIbHUK pa30UTh Ha
TPEYroJibHUKU, IOCTAaTOYHO IIPOBECTM BCE AMaro-
Haiu u3 Jwoboil onHoit BepumHbl (puc. 1, a).
HMuorna ynoOHee MoJib30BaTbCs WM JAPYTMMU CIOCO-
O0amu pazoueHus (puc. 1, 0).

3anaya 1. M3BeCTHO, YTO B MHOTIOYTOJIbHUKE
ABCDE BD| AE, CPLAE (puc. 2).

Hoxaxute, 4t0 S, pcpp=0,5(BD - CP+ AE - OP).

Hoxazameascmeo. W3 pucyHKa BHMAHO, 4YTO
MHOTOYTOJIbHUK COCTOMT M3 TPEYroJibHUKAa W Tpa-
neuuu. [ToaroMy, 1o 2-My CBOMCTBY IUIOLLIA/IM:

S,pcor=Sscp+ Syspp=0,5BD - CO+0,5(AE+ BD) - OP=

o

~0,5(BD- CO+AE- OP+ BD- OP) =0,5(BD - (CO + OP) +
+ AE- OP)=0,5(BD- CP+ AE- OP).

3HauuT, S,pcpp=0,5(BD- CP+ AE- OP).

3anaua 2. AC u BD — nuaroHanu vetbipexyroibHuka ABCD, O — ux
Touka mnepeceueHust (puc. 3). Jokaxure, 4yto eciu S;o=13S), Szoc=9,

Scop=531 Syop=S4, 10 ;- 53= 5, .

Lokazamenvcmeo. 1) Ilposenem AE L BD u CF 1 BD.
S, _0,50B-AE _ OB S, 0,50B-CF OB

2) S, 050D -AE 0D (1) un 'S, 050D -CF 0D (2).
3) Us (1) 1 () mveert: 5-=22= 8, -8, =5, - S,.
4 3
(2) ¢ ® 3
B 0'_1 D S4 ;1
D R 5 B
S, 2
b
A P E C
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B P C
h AD=a
POLAD
PO=nh
A 0 D

3anaya 3. BC u AD — ocHoBaHus Tpaneuuu ABCD, O — Touka repe-
ceyeHus1 nuaroHaneit AC u BD (puc. 4). AD = a, BC = b.

2
1) S =8 =45-8;: 28, =(S+JS).
Peuenie. 1) Sypc = Sy =5bh=> S, +5, =5, +8, = §, = 5.
2) Ham wusBectHo, uto S, 8;=3S,"S,. YuursBag, uro S, =38, TO
nonyuuMm S, = S;== /S, - S, . [lepBast uacTb yTBepKIEHUsI JOKAa3aHa.

3) Ilo 2-oMy CBOKMCTBY ILIOLIAAM, U YUUTBIBAsl MOJYyYEeHHbIE (hOPMYJIbI,
HMeeM:

Sp. =8 +85 +85+8, =5 +25 +85, =

(S 288 () = (S )

2
Urak, S, = («/S2 + 1/S4) . Bropas 4acTth yTBepXKAeHUS JOKa3aHa.

3anaya 4. Ilnomwaabs TpeyrojibHUKA paBHA MOJIOBMHE ILIOLIAAM Tapa-
JieJjorpaMma, B KOTOPOM OCHOBaHME M BbICOTA OOIIME C TPEYTOJIbHUKOM.

Pewenue. OcHoBaHue AD u BbicoTa 4 — o0lIas Ijsl mapasuiejorpaMmma
ABCD u tpeyronbHuka APD (puc. 5). lokaxem, 410 S,,p = 0,55 50p-

NssectHO, 4TO S 80 =ah (1) 1 S,,, = 0,5ah (2). B (2) BMecTO ah nox-
cTaBuM  S,,.,, ¥ HaxonuM: S,,, = 0,5ah = 0,55,

IIpumeuanue! Brplllle nmpuBeneHHyO 3agadyy MOXHO c(OpMyJIMpoOBaTh U
TaK:

— naowads napaanesocpamma 6 06a pasa 0oavuie NAOWAOU MpPeyeosab-
HUKA, y KOMOp020 OCHOBAHUE U 8blcOMA 00uue ¢ napaiienocpammo.

3anaya 5. JlokaxuTe, 4TO €CJAM 4Yepe3 BEPIUMHBI YEThIPEXyroJbHUKa
MPOBECTU MpsIMble, MapasjeibHble €ro AMaroHalsiM, TO TUIOLIAAb Iapajiie-
JlorpaMMa, o0pa3oBaHHOTO 3TUMM MPSIMBIMM, B JiBa pa3a OoJibllie ILIOIAAN
JJAHHOTO YEeThIPEXyroJbHUKA.

Pewenue. Ilyctb ABCD — naHHbBII YeTbIpeXyroJibHUK, O — TOYKa Iepe-
ceueHus nuaronaneit AC u BD, h; u h, — nepneHAUKYJISIPbL OMYIIEHHbIE U3
BepuiH B u D x nuaroHanu AC, EFPQ napasnenorpamMMm — oOpa30BaHHBINI
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NpU TEPECEYEHUN TapaUIeJIbHbIX MPAMBIX, TIPO- | g B F
BEICHHBIX Yepe3 BEpIIMHBI YEThIPEXYroJbHUKA,
MapajieJibHO ero auaroHansam (puc. 240). h,
HokaxeM, 4t0 Syp, = 28,50, A L C
ITo mocTpoeHuo, CTOpOHLI MapaieiorpaMmma h
EF v QP napanienbHbl nuaroHaan AC U paBHBI.
I[Mostomy, nuaroHanb AC OeIUT MOAYYUBLIMIACS @ 0 D P
napauienorpamMm EFPQ Ha nBa nmapajuiejorpamma
AEFC n ACPQ. YuutbiBasl BbIlIe U3JIOXKEHHOE 3aKJII0UYeHUE B MIPpUMEUaHUH,
JIOKaXeM PaBEHCTBO Spppp = 28, 50p:
SEFPQ =Suere t SACPQ =285ct  2800=2(Ssscc T Sind) = 28 5

Bonpocst, 3a0auu u 3adanus

1. Haiinute ruioianb ¢purypbl Ha pucyHke 7.
Pewenue. Ilnowanb urypsl, uM300pakeHHOMN
Ha puc. 7, yooOHO HaWTH, €CJAMU JOIOJHUTH €€ 10 10,
0 KBajapara, coefuHMB Touyku A u B. Ilno- A B
maab (Gurypbl paBHa pasHOCTU ILIOLLAAEH
KBaapaTa u TpeyrojibHuka ABC: | X
S=S8, —Spc=-2—05-(50—-2-10)-...=
=..—375=... (xB.en.).
3anoaHuTe niponycku. Omeem: ... KB. /.

2. BoiBegute (opMysly BBIYMCICHUS ILUIOLIAIN 50
¢urypsl n300pakeHHOI Ha pUCyHKe 8. 31mech @

AE| BC|| PD, AE= BC, AP=PB, PD 1 AB.

3. Jlano: ABCD — npsimoyroibHuk, AB=12 cm, B C @

AD=16 cm; Touku E, F, Pu Q — cepenvHbI

y
A 4
A

>

50
a

COOTBETCTBYIOLIIUX CTOPOH. +

Tpebyemca natimu: Sgrcppy .- P b \ D

4. Jlano: ABCD — napamienorpamm, PeBD,
KL|| BC, MN|| AB (puc. 9).

Tpebyemca dokazamv: S, xpny = Spycy- A ¢ E
5. AC v BD — jaumaroHaJiM YeTbIpEeXyrojbHUKa
ABCD, O —Touka mepecedyeHsl ero IuaroHa-
neit. Haitnure Sq,p ecmu S,op=12, Szoc=S$, ‘@ B__M ¢
S,105=6. A
6. Ilnowanp 3emMebHOrO yyactka B popMe IpsiMo- K L
yroabHuka paBHa 400 ha. Yemy paBeH mepu-
METp BTOrO0 y4JacTKa, €CJIU:
1) nnuHa yvyactka paBHa 10 km; A N D

2) yyacTok umeer (opMy KBaapara?
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[ 52. ITIPAKTUYECKUE 3ATAHUA U ITPUMEHEHUE )

I. 3apaum n1a MccieaoBaH.

3amaua 1. PaccmorpuM 3amady. CTOpOHBI IPSIMOYTOJbHMKA HaTypaJibHbIE
qyucia U NepuMeTp KpaTeH 4.

IlepumeTp IpsIMOYTroJbHMKA paBeH 72 Cm M CTOPOHBI BbIpaXeHbI HATY-
paJbHBIMU 4yMciaaMu. HaliauTe cpeayd HUX IIPSIMOYTOJBbHMK C HauOOJbIIEH
mwiomanplo. Kakasa ata ¢urypa? Cuenaiite BHIBO/IL.

Peweneue. B mpsimoyrojbHuke: P=2-(a+b)=72 cm — mnepumerp,
p=a+b= 36 cm — mnolynepuMmeTp, T.e. CyMMa CMEXHBIX CTOpoH. Eciu
3HaYeHUs a U b OydyT M3BECTHBI, TO TOLJAa MOXEM BBIYMCIUTL S=a- b. YTO-
Obl OTBETUThb Ha BOIIPOC 3aJaud, HANO HAWTM 3HAYEHME CMEXHBIX CTOPOH
MPSIMOYTOJIbHUKA.

st aTOro ImpeactaBuM 36 B BUAE CYMMbI ABYX HATypaJbHBIX YKMCEIL:

a+b=36=1+35=2+34=3+33=...=33+3=34+2=35+1.
Orcloga BUIOHO, YTO CYLIECTBYET 35 pasHbIX MPSIMOYTOJIbLHUKOB, CyMMa

CMEXHBIX CTOPOH paBHa 36 sm. BBemeM maHHble B TaOIully, cAejlaeM aHaIU3
U COOTBETCTBYIOIIVE BHIBOJIBIL:

acm 1 2 | .. (17 |18 |19 |20 | ... | 34| 35
bcm 35 1 34| ... |19 |18 | 17 | 16 2 1
(a+b)ycm | 36 | 36 36 | 36 | 36 (36 | ... | 36 | 36
S=a-bcm?| 35 | 68 | ... |323(324 323|320 | ... | 68 | 35

W3 T1abauubl BUOHO, YTO HaMMEHbIIAs IUIOIIAAb JOOCTUraeTcsl IIpU
a=1cmu b=35cm wi a=35 cm u b=1 cm, a HanOoJbLIAS IUIOLIAAbL IIPU
a=b=18cm, T.e. Korma cTopoHa KBagpaTa paBHa 18 cm. B ocTaabHbIX
MPSIMOYTOJIbHUKAX MEepUMETP paBeH 72 cm, HO IUIOLIAIU HUX OYAyT MEHbIe

18 - 18 = 324 (cm?).
Ilocne aHanu3a TaOMMLIBI, CASaeM CJIEIYIOLIME BBHIBOIBL.
BriBon 1. Eciau cTOpOHBI HpPsSIMOYTOJIbHMKA HATypajbHBIE YWCJIA M MEpU-
MeTp KpaTeH 4, TO HauOoJIbllasl IUIOIAAb BRIYUCIILIETC 1o (popMylie:
2
P
S = (Zj KB. €]I.

max

BeiBon 2. Ecim CcTOpOHBI IPSIMOYIOJbHMKA HATypaJibHbIE 4YHCIA U
nepuMeTp KpaTeH 2, TO TOoraa Cpedu IIPSIMOYTOJbHUKOB C pPaBHBIMMU IIEpU-
MeTpaMy HaMMEHBIIYI0 IUIOLIAAb HMMEET TOT IPSIMOYIOJbHUK, B KOTOPOM
odHa CTOpoHa paBHa 1, a BTopas nomojiHeHuWe 1 (€AMHUIIBI) OO0 YKCJIOBOTO
3HaUYeHUs Iojymepumerpa: a =1, b=p-1.

BriBon 3. Eciv OIMHBI CMEXHBIX CTOPOH MPSIMOYTOJbHMKA COJIMXKAIOTCS,
TO ILUIOLIAIb YBEJIMYMBAETCS.
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Jamaua 2. Kwuraiickasg urpa «raHrpeM» — 3TO KBajJpaT, pa3pe3aHHbIi Ha
TPEYIOJbHUKU M YEThIPeXYroJbHUKM TaK, KaK MoKa3aHO Ha puc. 1. W3 Hux
COCTaBJISIIOT pasHble ¢urypku. Haiinure ux Iiolmamu, eciad CTOpOHa KBaapaTa
paBHa 8 cm.

Pewenue. a=8 cm — cropoHa KBamgpara. = a?=82= 64 (cm?) — molaab
JIaHHOTO KBajpaTa. Tenepb HaXOAUM ILIOIIAAUA (DUTYPOK.

1) Ilnowanu S, 1S, — paBHbl OJHOW YETBEPTOM IUIOLLAAM KBajapaTa.
3Hauut, S, =5,=5:4=64:4=16 (cm?).

2) Ilmomans paBHOOEAPEHHOIO IIPSIMOYIOJIBHOTO TPEYroJbHUMKA paBHA
OIHOI1 YeTBEepTOM KBajipaTra MOJOBUHBI TUIIOTEHY3bl. 3HAYUT,

S$=5,=0,25-(a:2)>=0,25-4=0,25-16=4 (cm?).

3) Ilnowanp kBagpara S; paBHa YABOCHHOW Iulowagu .S,. 3HAYMT,
S, =25=2-4=8 (cm?).

4) Karetsl TpeyrojpHMKA S, PaBHbI IOJOBMHE CTOPOHBI JAHHOTO KBal-
para, T.e. a¢:2=8:2=4 (cm). Iltomaas paBHOOEAPEHHOIO TPEYTrOJbHUKA
paBHa TOJIOBUHE KBajapaTa CTOPOHBI, T.e. S, =0,5-42=0,5-16=28 (cm?).

5) KBagpaTt u mapajuiejaorpaMM ¢ OAMHAKOBBIMU OCHOBAaHUSIMU U BBICOTOM
PaBHOBEJIMKU, MO3TOMY S = 8;=2'4 =238 (cm?).

Omegem: S, = §,=16 cm?, S,=S,=4 cm? §,=5,=85=8 cm’

3amaua 4. YacTh cTeHBl, UMelIeil ¢GopMy MNPSIMOYTOJIbHUKA CO CTOPO-
Hamu 2,25 m u 1,8 m, HeoOXoauMO IMOKPHITh KadenaeM. CKOJIbKO IUIUTOK IS
3TOT0 IIOHAZOOMUTCSI, €CIM IUIMTKa HuMeeT ¢opMy KBaapaTa CO CTOPOHOM
15 cm (puc. 2)?

Pewenue. 1) HaxonuM 1ioliaab 4aCTU CT€HbI, KOTOPYIO HEOOXOAUMO MOK-
PBITh KadeeM 1 BhIpa3uM B KBaApaTHBIX CAaHTUMETpax:

2,25-1,8=4,05 (m?)=4,05- 10 000 cm? = 40500 cm?2.

2) Haxonum moniaab onHoro kadens: > = 152 =225 (cm?).

3) Haxomum, CKOJIbKO IUIUTOK ITOHAZOOUTCS IJISI IMOKPBITUS YacTU CTEHBI
B ¢popme npsmoyroabHuka: 40500 : 225 = 180 (1uTyK).

Omeem: HeobxonuMo 180 1mTyK Kades.

Crenymollyio 3aa4y pelIUTe CaMOCTOSITEIbHO.

3anaua 4. CKoJIbKO moTpeOyeTcs KadeabHbIX IUIUTOK KBaApaTHON (pOpMbI
co crtopoHoit 20 cm, 4TOOBI OOJMILIOBATh JOPOXKKY MMeEIIIyio opMy KBaapaTa
CO CTOpOHOI 4 m?

123



JNOMOJHUTEIBHBINT MATEPHUAJI, PA3BUBAIOIIUI
IMPAKTUYECKUE KOMIIEHTEHIIUUN

BBIYUCJIEHUE ILIOINAAN MHOTI'OYI'OJIbHUKA,
HAPUCOBAHHOTO HA KIIETYATOU BYMAIE

[Mpusenem «®opmyay Iluka» — ¢opmysny BbIUMCIEHUS TUIOLIAAM BBIMYK-
JIOTO Y HEBBIITYKJIOTO MHOTOYTOJIbHMKA, HAPMCOBAHHOTO Ha KJIeTYaTol Oymare.
CTopoHbl Kaxmol KkjaeTouku paBHbl 1 cm. HazoBem TOuku mnepeceyeHMsI
NMpSIMBIX Ha KJIeT4aToil Oymare y3JiOBbIMH TOYKaMd. Torma Ioionaib MHOTO-
YrOJIbBHUKA BBIYMCISIETCS MO clieaytowein hopmysie:

S=2+N-1.

B ar1oit popmyne M — 4uciao y3JIOBBIX TOUEK, JIeXKAIIMX BAOJb TPaHUIIbI
MHOT'OYTOJIbHUKA, N — 4YMCIO0 Y3J0BBIX TOUEK BHYTPU MHOTOYTOJbHUMKA.

DTy GOpMyTy MOXHO IIPUMEHSTHh B JI0OOOM MHOIOYIOJbHMKE, BEpIIMHEI
KOTOpPOI'0 HaXOMASITCSl B Y3JIOBBIX TOUKAX. .

3amaua 1. Beruuciaure 1miomanb GUrypel Ha pucyHke 1.

Pewenue. Cnoco6 1. 1) Hucno nonHbIX KBaApaTUKOB paBHO 59, miolaab Ux
paBHa 59 cm?; YMCJIO TPEYrOJIbHUKOB paBHBLIX IIOJIOBUHE KBaapara 16, ux
moianb paBHa 16 : 2 =8 (cm?); uMeeTcss TPEYroJbHUK, B KOTOPOM OCHOBAHUE
paBHO 2 cm, a BbICOTA paBHAa 3 cm, a IJIOLIAAb €ro paBHa 3 cm2.

Takum oOpa3om, ILIOILIAAL JAHHOTO MHOTIOYTOJIbHUKA paBHa:

§=59+8+3=71 (cm?).

Cnocob 2. OTMeTUM y3J10BbIe TOUKH.

1) IlogcuutaeM YKMCIO Y3JIOBBIX TOYEK BHYTPU (UIYphl (OTMEUYEHBI 4ep-
HbIM 11BeTOM): ux 50, T.e. N=50.

2) IlogcuuTaeM 4uMCIIO Y3JIOBBIX TOYEK BAOJb HepuMeTpa (puUrypbl (OTMe-
YeHBbI KpacHBIM 11BeTOM): uX 44, T.e. M = 44. Ucnonbwzyem dopmyny Iluka:

§=2450-1=22+49 =71 (cmd).
Takum obpa3oM, B 00OMX CIIydasix IOJYYWUIM OJMHAKOBBINA OTBET.
Omeem: 71 cm2.

3amaua 2. BeliuMcauTe IIomaab MHOT OyTOJIbHMKa Ha PUCYHKE 2.

Pewenue. 1) IloncuntaeM 4KUCIO Y3JIOBBIX TOYEK BAOJbL MEPUMETPa MHOIO-
yroJibHUKa (OTMeYeHbl KpacHbIM 11BeToM): ux 40, T.e. M = 40.

@
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2) IlomcumTaeM 4YMCIO Y3JIOBBIX TOYEK BHYTPU _@
MHOTOYTOJIbHMKA (OTMEUYEHBI 4YEePHBLIM I1IBETOM). HX
37, .e. N=137.

ITo ¢popmyne Iluka, umeeM:
S :?+37—1:20+36 — 56 (cm?).

Omeem: 56 cm2,

Jamaua 3. BplumciauTe IUIOIAAL MHOTOYIOJIb-
HHMKa Ha PUCYHKE 3.

Pewenue. Cnoco6 1. 1) Ilomcunraem 4KCIO Y3J10-
BBIX TOYEK BIOJIb CTOPOH MHOTIOYTrOJbHHMKa (OTMeYe-
HbI KpacHbIM 11BeTOM): ux 39, T.e. M = 39.

2) IlomcumTaeM 4YMCIO Y3JIOBBIX TOYEK BHYTPU
MHOIOYTOJIbHMKA (OTMEUYEHBbI YEepPHBIM I1IBETOM). HX
17, r.e. N=17. \

ITo ¢popmyne Iluka, umeeM:

S=3—29+17—1=19,5+16=35,5 (cm?).

Cnoco6 2. YtoObl yOeouThCcsl B IIPaBUJIBHOCTH IIOJYYEHHOI'O OTBETA, BbI
MOXeTe BOCIOJIb30BaThcsl Oosiee yMOOHBIMU I BaC pa30OMEHUSIMM JAHHOTO
MHOTroyrojbHuKa. Ilocie 3Toro, BHIMMUCINTE IUIOLIAAM IOJYYEHHBIX BBITYKJIBIX
MHOTOYTOJILHUKOB IO M3BECTHBIM (popMmyjaM. A IOTOM CYMMUPYETE ITOJTy4YCH-
HbIE pe3yabTaThl, M COIIOCTaBbTe C pe3yabraToM 1-ro  cmocoba. Ecmm
BBIUMCJICHNE BBIINOJHUTE IPABUJIBHO, TO TOrJAa B O0OOMX CJydasX ITOJIY4YUTe
onuHakoBhI orBeT. CIoCO0 BBIUMCIICHMS ILIOLIAAM BhIOMpacTe camu. Bbrumc-
JIEHUE MOXHO TMPOBECTU YCTHO.

Yuco MOJIHBIX KBaApaTUKOB PaBHO 26, IUIOLIAAL UX paBHA 26 cm?; YKCIIO
TPeYroJIbHUKOB paBHBIX IOJIOBMHE KBadpaTa 17, MX IUomanb paBHa 17:2=
= 38,5 (cm?); uMmeeTcsl TPEeYroJbHUK, Y KOTOPOIO OCHOBaHME paBHO 2 cm, a
BbIcOTa paBHa 1 cm, a miuomiagb ero paBHa 1 cm2. TakuMm oOpa3zom, TIoLIadb
JAHHOTO MHOTroyrojbHuKa: 26 + 8,5+ 1 = 35,5 (cm?).

3Hauut, oda pesynabTaTa OAMHAKOBEL. Omeem: 35,5 cm?.

3amaua 4. BpluucauTe Iiomiagd MHOTOYTOJIBHUMKOB Ha puc. 4u 5, Ipu-
MeHuB dopmyiy [luka.

@ | () L]
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(53-54. KOHTPOJILHASL PABOTA 4. PABOTA HAJL OHII/IBKAMI/I)

1.

Haiigute muiolaas KBaapaTa, Iepu- I
METp KOTOPOTO paBeH IIePUMETPY @
MPSIMOYTOJIbHUKA  CO  CTOPOHAMU
27cmu 21 cm.

. HaiiguTe mepumeTp npsiMOyrojibHUKA. &
ecau ero miomanbk 540 cm?, a cMex-
HbIE CTOPOHBI OTHOCATCS Kak 3 : 5. ||
. [lmomanp mapajienorpaMma paBHa

24 cm?, a BBICOTBI paBHBI 3 cm u
4 cm. Haiinute mepuMmerp 3TOro mna- [
pasuiesorpamma.

. Haiinure miomanb urypel, n3o0paxkeHHO Ha puc. 1, ¢ pa3dueHUeM Ha

MHOTOYTOJIbHUKM Y UCITOJb3ys opmyny Iluka.

TECT 4. IlpoBepprTe ceba!

1.

Bo ckonbko pa3 yBeIMYMTCS ILIOIIAAb TPEYTOJbHUKA, €CIAU €TI0 CTOPOHLI
YBEJIMYUTh B 4 paza?

A) 4; b) §; B) 16; I 32.

Haiinute mepumeTp IIpsIMOYTOJbHUKA, ecild ero Iwiomanb paBHa 400 ha,
a OTHOILIEHUE CMEXHBIX CTOPOH paBHO 4 : 1.

A) 10 km; B) 5 km; B) 2 km; I') 8 km.

JnuHa npsaMOyrojibHMKa yBenmdeHa Ha 25 %. Ha ckKonbKo IIpOLIEHTOB
HalO YMEHBIIUTH IIMPUHY, YTOOBI €0 IUIOLIAAb HE M3MEHMIACH?

A) 20 %; b) 16 %; B) 25 %; I 18 %.

Bo ckoibko pa3 Hago YMEHBIIUTH CTOPOHY KBaJpaTa, UTOOLI €ro IUIOLIAlb
yMeHblInaach B 4 paza?

A) 1,5 pa3a; b) 2 pa3a; B) 3 pa3a; I') 3,5 paza.

. Haitmure nepumMeTrp mnapajuiesorpamMma, eciu ero romans 144 cm?,

BBICOTHI 8 cm 1 12 cm.
A) 40 cm; Bb) 30 cm; B) 80 cm; I 60 cm.
B mapamienorpamme ABCD Ha muaroHaib AC omyllieH IeprneHaukysp BO.

Haiinure 1romans mnapawuieaorpamma, ecimm AO=8 cm, OC=6 cm u
BO=4 cm.

A) 50 cm?; b) 28 cm?; B) 52 cm?; I') 56 cm2.

. Ilmomagps pomdba paBHa 40 cm?, a ero nmepumeTp paBeH 20 cm. Halinute

BBICOTY 3TOr0 poMoOa.
A) 2 cm; b) 8 cm; B) 4 cm; I 16 cm.
OcHoBaHMSI Tpameuuu paBHbl 5 cm u 9 cm. Haiinure BbICOTY Tpareiuu,
€CJIM ee IUIoLIaab paBHa 35 cm?.
A) 9 cm; b) 8 cm; B) 5cm; I 10 cm.
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9. Haiinute momanb paBHOOEAPEHHON Tpallellid, B KOTOPOH OCHOBaHUS
paBHBI 8 1 12, a IMaroHajau B3aMMHO MEPIEHIUKYJISIPHBI.
A) 100; b) 64; B) 144; I 76.

10. Boicota Tpanmeuuu paBHa 6 cm, a mmiomank 30 cm? Yemy paBHa ee
CpelnHsIsT JTUHUS?
A) 2,5 cm; b) 5 cm; B) 7,5 cm; I')4,5cm.

ﬁ‘

N3yyaem aHramiicKmii si3bIK!

KsaapaTHblii KOpeHb — square root ®opmyana I'epona — formula of

TpeyroibHHuK — triangle Heron
Cpennssa quang — midline Ilnomanp — area
Q@ y,
v I Hcmopuueckue ceedenusn
S

Ilgaras rnaBa «KHura 3HaHMii» ABUILIEHHBI HOCBSILIEHA
OCHOBHBIM TE€OMETPUYECKMM 3aJadyaM, OTHOCSIIUMCS K
YeThIPEXYTOJIbHUKAM, Pa3MEIIeHHBIM B HUX TPEYrOJIbHUKAM
U CBS3SIM MEXIY HUMU.

Teopema 1. @urypsl, pa3MemieHHble MeXIy ABYMS
napajujieJIbHbIMA NMPSMbIMH, HMEIOIIEe paBHbIE OCHOBAHHUS U
B3aMMHO NapaJjuie/ibHbIe MPOTHBOJIEKAIE CTOPOHBI, PABHO-
BeJHKH (T.e. paBHBI WX Iomamm). Hampumep, riockue
¢urypst ABCD nu EGCD ¢ ocHoBanueM CD paBHOBEIUKU

(puc. 1).

Teopema 2. TpeyroJbHUKH, pa3MemeHHbIe MEXKIY ABYMS ]
napajuie/ibHpIMA MPSMBIMA W HMEIOIE PaBHbIe OCHOBAHMS, ABuuenna
paBHoBesmkH. Hanpumep, tpeyronsHuku ACD u GCD ¢ (980—1037)

obymM ocHoBaHueM CD paBHOBENIUKH (puc. 2).

Teopema 3. YeTbIpexyroJbHUKH, pa3MelMieHHbIE MEKAY IBYMS NApaJLIeIbHbIMA
NpsMBIME M MMeIoIe paBHbie OCHOBAHHA, PaBHOBEJMKH. HampuMep, yeTbipex-
yronbauku ABCD n GEHF (puc. 3).

G E B A G A G E B 4

(1) C D (27D c (3)F H ¢ D
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TJIABA V
OKPYXHOCTD

YIJIbI B OKPYXKHOCTH

55. B3BAUMHOE PACITIOJIOXEHHUE ITPIMON U OKPYXKHOCTH
KACATEJIbBHA{A K OKPYXKHOCTU U EE CBOUCTBA

1. HavyaibHble CBeJeHHS 00 OKPYXKHOCTH.

é Onpenenenne. OKpy#cHOCIbIO HaA3bleaemcs eeomempuyeckas gueypa,
Komopas cocmoum u3 6cex MmMo4eK HAOCKOCMU, DPABHOYOANCHHbIX Om
@aHHozi mouku

HanHass Touka O Ha3bIBACTCS UEHMPOM OK-

@ A PYX¥CHOcmu, a JAHHOE PACCCTOSIHUE — paduycom
R okpyxucnocmu. WHaue roBopsi, paduycom OKpYX-
HOCTHM Ha3bIBA€TCs PaCCTOSIHUE OT LIEHTPa OKPYXK-
0 HOCTHU 10 JIIOOOW €€ TOUYKMU.
TakuMm 00pa3zoMm, OKpPYXHOCTb C LIEHTPOM B
Touke O M paguycoM R mpeacTaBiisieT co0oit reo-
Okpyx)HOCTh (O, R)c | METPHYECKYIO (durypy, cocTosiiiyo U3 BCeX TOUYEK
uentpom O u panny- | IUIOCKOCTH, DPAcCTOSIHME OT KOTOPBIX IO TOYKH
COMR a O paBHO R.
OOBIYHO, OKPYKHOCTb C LeHTpoM O u pa-
c30P% N\ D anycoM R o6o3Hauator Tak: (O, R) (puc. 1, a).
A d[,%e OTpe30K, COCAUHSIOIIMI TMPOU3BOJIbHbIE JBE
0 7 TOYKM OKPYKHOCTH, Ha3bIBAaeTCsl X0pooid. Xopja,
X B MpoxoJsiias 4yepe3 LIeHTP, Ha3blBaeTcsl duamem-
g pom.
E Ha puc. 1, 6 u3o0bpaxeHsbl ABe XOPAbl OKPYX-
CD —xopna, OF —| HOCTHU, OIHA U3 KOTOPHIX SIBJISIETCS €€ AUAMETPOM:
pamuyc, AB — muameTp OF — pagnyc, CD — xopna, AB — nuamerp.
0 OObIYHO IMaMeTp 00o3HauvarT OyKBoOil d.

OueBUOHO, YTO AUAMETpP BABOE OOJble paguyca,
TO ecThb d = 2R.

2. B3auMHoOe pacnojioKeHHe NpSIMoOil M OKPYKHOCTH.

PaccMoTpuM ciiyyau B3aMMHOIO PacCHOJOXEHUSI TIPSIMOM U OKPYXK-
HOCTU. SIcHO, 4TO ecliu IpsiMasl IPOXOAUT Yepe3 LICHTP OKPYKHOCTHU, TO OHA
repecekaeT OKPYKHOCTh B IBYX TOYKaxX — KOHLIAX JUaMeTpa, Jexalllero Ha
9TOU mpsgMoii. [Ijis1 Toro, 4ToObl OTBETUTH HAa BOMPOC, CKOJBKO OOILMX TO-
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yeK UMeIT mpsiMast /[ u okpyxXHocTb (O, R), Hy)XHO CpaBHUTb paauyc R
¢ pacctosiHueM d ot Touku O 10 npsiMoit L

HamomMHuM, 4TO paccTosIHUEM OT TOYKM 10 MPSIMOIl Ha3bIBaeTCsl dAuHa
nepneHoUuKyAApa, ONYueHHo20 U3 Mol MovKu HA NPAMYIO.

PaccmorpuM Tpu cayvasi: 1) d> R; 2) d=R; 3) d< R.

Cayuaii 1. Ecau paccmosHue om ueumpa OKpyscHocmu 00 HNPAMOU
boabule paouyca OKpYyJICHOCMU, MO NPAMAs U OKPYICHOCMb He umeom 00-
WuUxX mouex.

HeiicrBuTensHO, ecnu d > R (puc. 2, a), To B 3ToM ciaydyae OA > R, nist
000t apyroit Touku B npsimoir /[ OB OGyaet Oosibliie neprieHAuKysipa OA
U, cjeaoBaTesibHO, Oojblie R. 3HauuT, npsiMast / 1 OKPYXKHOCTb HE UMEIOT
OOILIMX TOYEK.

Cnyuaii 2. Ecau paccmosmue om uyewmpa OKDPYICHOCMU 00 NPIMOU
PAasHo paouycy OKpPYJICHOCMU, MO 5Ma HNPIMAs U OKPYICHOCHb UMeom
MOAbKO 00HY 00WyH MOUKY.

HeiicrButensHo, ecnu d= R (puc. 2,6), To Touka A mpsMoit [, 1o
YCJIOBUIO HaXOMSIIASICS OT LIEHTpa OKPYXKHOCTU O Ha pacCTOSIHUM, PAaBHOMY
pamuycy, MPUHAMIEXKXUT OKPYKHOCTU, Jt00as Ipyras TOYKa STON IPSIMOM
yIaJIeHa OT LIEHTpa OKPY>XHOCTU Ha PacCTOsIHUE, OOJbllie paauyca, Cleno-
BaTeJIbHO, K OKPY>XKHOCTU HE MPUHAUICKMUT. 3HAUYUT, NpsiMast [ 1 OKpyXK-
HOCTb MMEIOT OIHY OOIIYI0 TOUKY A.

Cnyuaii 3. Ecau paccmosmue om uyenmpa OKpPYICHOCMU 00 NPIMOU
Mmenvuie paduyca oxpyyucHocmu (d < R), mo npamas u 0KpysIcHOCmb nepe-
CeKaromcs, mo ecmo umerom ose odujue Mo4KuU.

Yactb npsiMoii, Haxoas1IasiCsl BHYTPU OKY>KHOCTU, MPEICTABISET XOPay
OKpYyXHOCTHU (puc. 2, ). B aToM cityuae nipsiMasi / Ha3bIBaeTCsl cekyujeti 1o
OTHOLLIEHUIO K OKPYXHOCTU. [dnuHy xopabl AB MOXHO BBIUMCIUTb 4epes
paanyc OKpy>KHOCTU U PACCTOSIHME OT LIEHTPa OKPYXXKHOCTU 10 MPSIMOM IO

dopmyne: AB=2\R* -d* .

Z[OKa)Kl/ITe 9TO PaBC€HCTBO CaMOCTOATC/ILHO.

BA l - VA1A2A3A l

W A C B

d W
R

0 0 0

OA=d>R OA=d=R 0OC=d<R
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Beiona. OkpyscHocmv u npamas moeym He umems OOWUX MOYeK, UMemb
O0HY unu 0ee obuue MouKu.
2. KacarejbHas K OKPYKHOCTH.

Onpenenenne. [lpamas, umerwwas ¢ OKPYICHOCMbIO MOALKO OOHY
00wy MoKy, Ha3bl6aAemcs: KACAmeAbHOU K 3Mol OKPYICHOCMU, a UX
obuwias mo4ka Ha3vleaemcs: MoO4Koil KACAHUA NPSIMOU U OKPYICHOCMU.

Ha puc. 2, 6 npsimast / — KacareyibHasi K OKPY>KHOCTHU € LieHTpoM O, A —
TOYKa KacaHus. MOXHO cKa3aTbh, YTO OKPYKHOCTb KacaeTcsl mpsiMoit L
JlokaxeM TeopemMy O CBOMCTBE KacaTeJbHOM.

Teopema 1.

KacareannbHasa K OKPY2KHOCTH NEPNCHAMKYJIApHA paauyCy, HpOBCIACH-
HOMY K TOYKE KaCaHusl.

Jlokazamenvcmeo. Ilyctb | — KacaTenbHasi K OKPY>KHOCTU ¢ LieHTpoMm O,
A — Touka kacaHus (cMm. puc 3). Jlokaxem, 4To KacartejibHasi [/ IepIieH-
IUKyIsipHa K paauycy R= OA. W3 yciaoBuUsI TEOpeMbl CieayeT, 4To ISt
Jo6o0il npyroil Touku A, Ha npsamMoil / HakioHHas OA, Oyner Oosblie
nepneHaukyasipa OA u, ciaenoBatesbHO, Oojblie R. Takum oGpaszom,
paccTosiHhe OT JII0OOW TOUKM MpsIMOK [/, OTIMYHOM OT A, IO LieHTpa
O 6onbiie R, 1.e. OA,> OA. 3Hauut, OA — Kparyailuiee paccTossHUE OT
touku O po npsmoit [ CnenoBarenbHo, OA L [. Teopema nokaszaHa.

HokaxeM TeopeMy, 0OpaTHYIO Npeabiaylieit (Mpu3HaK KacaTeJIbHOM).

Teopema 2.

Eciu npsiMas nmpoxoauT 4epe3 KOHeN paauyca, Jiexkamuid HA OKpyXK-
HOCTH, M TEPNEeHAUKYJISAPHA 3TOMY paauycy, TO OHA SBJSAETCS Kaca-
TEJbHOH.

Joxazameabcmeo. Ecam paccTosiHME OT IIeHTpa OKpyxXHoctH O 10
npsimoii / paBHO paguycy R okpyxkHocTu (d= OA= R) (cMm. puc. 2, 6), 10O
TOYKa A JIEKUT Ha OKPYXKHOCTU M, 3HAUUT, OHA SIBJISIETCS OOIIEH TOUKOM
MPSIMOM M OKPYKHOCTU. JI1006ast Touka (B) mpsiMoii /, oTIMYHas OT TOUKU A,
JIEXUT BHE OKPYXHOCTM, TaK Kak ajuHa oTpe3ka (OB) OoJjbliue IJIUHbI
pamuyca OA, U MO3TOMY He JIeKUT Ha JaHHOUW OKpyxXHocTu. OA L[ mo
ycaoBuo. Ilo ompeneneHuio, mpsiMasi [ sIBIsIeTCSl KacaTeIbHOM K OKPYX-
Hoctu. TeopeMa JokaszaHa.

3anaua. Karetsl mnpsimoyrosbHoro TtpeyroibHuka ACB (£C=90°)
paBHbl AC=3 cm u BC=4 cm. IlpoBeneHa ok-
*@ 4 pyxHoctb (C; R), R=2,4 cm KakoBo B3auMHOe

D pacnoyioxxeHue npssMoii AB 1 3Toi OKPYKHOCTU?

Pewenue. B NACB (£C=90°): AC=3 cm,

BC =4 cm. Ilo teopeme Iludaropa:

¢ AB =3’ +4> =25 =5 (cm).
I[IpoBonum CD 1 AB (puc. 4). MOXHO BbI-
YUCIUTh TUIOLIAAb TPEYroJibHMKA IBYMs CIocoba-
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MU, T.e. BepHO paBeHCTBO: CA: CB=AB- CD. Otctona CD=CA- CB: AB=
=3-4:5=2,4 (cm). CnenoBarejbHO, TpsiMasi AB KacaeTcsi OKPYKHOCTH,
TaK Kak paccrosiHue oT Touku C 1o npsimoit AB paBHO paauycy.

'~

Omeem: AB — xacareabHad.

Bonpocst, 3a0auu u 3adanus

1) Kakaa d¢urypa HasbiBaeTCsl OKpPYXHOCThbIO? YUTO Ha3bIBaeTcs:
a) LIEHTPOM OKPYKHOCTHU; 0) pagnlyCoOM OKPYKHOCTHU?

2) Uro Ha3bIBaeTCs: a) XOpIoii; 0) IMaMeTPOM OKPYKHOCTHU?
3) Kakasi mpsimast Ha3bIBaeTCsl KacaTeJbHON K OKPY>KHOCTHU?
4) Kakoe CBOICTBO M MpU3HAK KacaTeJbHON Bbl 3HaeTe?

. Ilyctb d — paccrosiHue OT LIEHTpa OKPYKHOCTU € paauycoM R [0 npsiMoit

/. KakoBO B3aMMHOE€ pacHoyIOXKeHWe MNpsSIMOM / U OKPYXHOCTHU. €CJIU:
I)R=8 cm, d=6 cm; 2) R=10 cm, d=8,4 cm; 3) R=14,4 dm,
d=7,4dm; 4) R=1,6 dm, d=24 cm; 5) R=4 cm, d=40 mm?

. lansl kBaapaT ABCD, cTopoHa KOTOPOro paBHa 8§ cm, U OKPYXHOCTb C

LeHTpoM B Touke A paguyca 7 cm. Kakue u3 npsmbeix AB, BC, CD u
BD gBnsitoTcst CeKyIMMU MO OTHOIIEHUIO K 3TOM OKPY>KHOCTHU?

IIpsimasi AB xacaeTcst oKpyxXHOCTU ¢ LieHTpoM O paguyca R. Haiigute
OB, ectu AB= 24 cm, a paguyc OKpY>XHOCTU paBeH 7 cm (puc. 5).

B mnpamoyroasHom TpeyroabHuke ACB (LC=90°) AB=10 cm,
ZABC = 30°. TlpoBeneHa OKpPYXHOCTb C LIeHTpoM B Touke A. Kakum
Oyner ee pamuyc, eciau: 1) mpsimas BC kacaercsl OKPYXHOCTU; 2) He
nmeer ¢ BC obmux Touek; 3) umeer ¢ npsimoii BC nBe oO11re TOYKU?

Ecnm nmpoBecTn aBe KacaTelbHbIe K OKPY>XKHOCTH M3 TOYKU BHE €€, TO
OTPe3KU KacaTeJIbHBIX, 3aKJIIOUEHHBIX MEXIy 3TOW TOYKON M TOYKAMU
KacaHus paBHbIL. [lokaxute 310 (puc. 6).

. KakoBo B3anmHoe PaCIIOJIOKEHHNEC HpHMOfI 1 OKPY>KHOCTHU, €CJIM paaInycC

OKPY>KHOCTM paBeH S5 cm, a pacCTOsIHME OT IIEHTpa OKPYXHOCTHU O
npsaMoit paBHo: 1) 6 cm; 2) 5 cm; 3) 4 cm?

. Jan npsmoyronbHuk ABCD, tne AB=16 cm, AD=12 cm (puc. 7).

Kakas w3 npsmeix AC, BC, CD u BD saBasercss KacaTellbHOM K
OKPYXKHOCTU C LIeHTpoM A 1 paguycoMm 12 cm?

@A 26 C c p (D
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IIEHTPAJIbHBIN YTOJ U TPAIIYCHASI MEPA IYTH

‘ 56. BBAUMHOE PACIIOJTOXEHHUE JABYX OKPY)KHOCTEI\/’I.W
OKPYXHOCTHA

1. B3anMHoe pacmoJioKeHHe JABYX OKPYKHOCTEIA.

PaccmotpuM ciiyyanm B3aMMHOTIO PacIiojloKEHUsI IBYX OKPY>KHOCTEH.

1) IBe OKpPY>XKHOCTU MOTYT He UMeThb oOumx touyek (puc. 1). IIpu stom
OHM HaxomsdTcs BHe Apyr apyra (puc. 1, a) uau ogHa BHYTPU APYroi

(puc. 1, 6).

2) JIBe OKpPYXXHOCTHU MOTIYT

UMETh ONHY OOIIYI0  TOYKY

0 (puc.2). B aToM ciyyae roBopsir,
! 4TO  OKDPYXHOCTU  KACAKMCA.

IIpuuemM OKpPY>XKHOCTU MOTYT Ka-

0,0,=d> R +R, d+ R =R, caThCs GHEUHUM o6pazoM
@ a 6 (puc.2,a) wiM  BHYTPEHHUM
obpaszoM (puc. 2, 0).

3) JIBe OKpY:XHOCTHM MOTIYT

UMETb  JIBE O0LIME  TOYKMU
(puc. 3). B aTOM citydyae roBopsir,
0, YTO OKPYXKHOCTU HepeceKaromcs.

OKpyXHOCTH, UMEKILIue 00-
0,0,=d=R +R, d=R —R, LMW 1IEHTP, Ha3bIBAIOTCA KOH-
@ P 6 yenmpuyeckumu (puc. 4).
BzaumHoe pacrooXeHue
JIBYX OKPY>KHOCTEI 3aBUCUT OT MX PAIUYyCOB U PACCTOSIHUSI MEXIY LIEHTPaMM.
Teopema.
Ecim paccrosiame MeXay HEHTPaMH JBYX OKPYKHOCTEH 00JbIIe CyMMBI
HX PaguycoOB WM MeHbIe MX PA3HOCTH, TO 3TH OKPYKHOCTH He HMMEIOT
00muX TOYEK.

Hokazamenvbcmeo. I1ycTb HaHbl 1Be OKPYXHOCTU C LIEHTPAMM B TOYKAX
O,, O, u paguycamu COOTBETCTBEHHO R,, R, (d=R,+ R,< 0,0,) (puc. 5).
Paccmorpum TOuky A Ha nepBoii  okpyxHoctd, OA=R,. Torna
0,A 2 0,0,- O,A> R, + R,— R, = R,, u, cienosateibHO, TOYKa A He IpU-
HAJJIEXUT BTOPO OKPY>KHOCTU. 3HAYUT, 3TU OKPYXHOCTU HE HMEIOT
OOLIMX TOYEK.

o o 5

B @ &
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CaMOoCTOSITETbHO PacCMOTPETh Cyyau, KOraa JBe OKPYXKHOCTU HMMEIOT:
a) OHYy OOIIYI0 TOUKY; 0) ABE OOILIKMEe TOYKU.
2. llenTpanbHbIii yroJ.

Onpenenenne. Yeon ¢ eepuiuHoll 6 yeHmpe OKPYICHOCMU HA3bIBACMCS
ee YeHMpAaabHbIM Y2A0M.

JIyau OA wn OB, ucxopsiuve U3 ILIEHTpa
OKpYXXHOCTU O, OMNpenessoT ABa LEeHTPaIbHbIX
yrjia, OAWH U3 KOTOPbIX OrpaHWYMBAET BBIITYK-
Jyto obnactb. Touku A U B pa3duBalOT OKPYX-
HOCTb Ha ABe Ayru. YToObl pa3audyuTh 3TU IYIHU,
Ha KaxX/J0H M3 HMX OTMEUYalOT MPOMEXYTOUHYIO
TOYKY, OTJIMYHYIO OT KOHLIOB, WX J00aBJSIOT B
0003HAUEHUE TYTU CTPOUYIO OYKBY JIATUHCKOTO
andaBuTa, Hampumep, HasbiBalOT dyea ACB
(umu AnB) n dyea ADB (wnu ApB) (puc. 6). Dt
nyru obo3HavaroT Tak: UACB (i wAnB) u
UADB (umm UApB). WHorma wucnosib3yercsi obOo3HaueHue 0e3 mpome-
XKYTOYHOU TOYKU: UAB (Korga sicHO, 0 KaKOi M3 ABYX IyT UAET peyb).

Jyra Ha3bIBa€TCS MOAYOKPYICHOCMbIO, €CIA OTPE30K, COCAUHSIOIINI €€
KOHILIBI, SIBJISIETCSI IMaMeTpoM OKpyxXHocTu. Ha pucyHke 7, 6 mM300paxkeHbl
JIBE€ MOJIYOKPY>KHOCTH, OJHA U3 KOTOPBIX BblAEJIEHA XXUPHOW JTUHUEH.

3. 'pagycnasa mepa ayrm.

/AOB—
LIEHTPAJIBHBIA yTOJI

Onpenenenne. Yea060ii eeauuunoil oy2u OKPY¥CHOCU HA3blGACNICS Ye-
A08AS1  GEAUMUHA  COOMBEMCMBYIOWe20 el  UCHMPAAbHo20 Yyead 3moll
OKPYICHOCTU.

Jyry OKpY:KHOCTM MOXHO M3MepsTh B rpanmycax. Ecau dyea ACB ok-
pyxchocmu ¢ uenmpom O MeHbule NOAYOKPYICHOCMU UAU SGASLeMCS NOAY-
OKPYICHOCMbIO, MO ee epadycHas Mepa CYUmaemcs pasHou epadycHoll mepe
uenmpanvioeo yena AOB (puc. 7, a, 6). Ecau xce dyea ACB 6oavuwe no-
AYOKPYICHOCIMU, MO ee epadycHas mepa cuumaemcs paerou 360° — L AOB
(puc.7, e).

C
@ @' C
é‘
A B ;0
A B A B B 115\
C C
UACB = UAOB UACB =180° UACB = 360°— ZAOB
a) 0) 6)

133



Ortcrona cienyer, 4to cymma epadycHbix mep 08yxX 0ye OKPYICHOCMU ¢ 00-

wumu xounyamu paena 360°. Tlo ompenenacHUIO, 06a NAOCKUX Yy2aa pPaGHbL
TOJILKO TOTJA, KOIa paBHBI X YIVIOBbIE BEJIMYUHEI.

3amaua. Touka O —ueHTp OKpyxkHocTu, LAOB= 115", UBC=UAB

(puc. 8). Haiinurte rpagycHyto mepy yria AOC.

Pewenue. Yron AOB sBisieTcss UEHTPAJIbHBIM YIJIOM OKPY>XHOCTH,

a nyra AB MeHblIEe IOJYOKPY>XKHOCTHU, Mmo3ToMy vAB=/A0B=115°. Ilo
ycioBuio 3agauum v BC=vAB, u 3HauuT, rpagycHas mepa ayru BC paBHa
115°. vABC= vAB+vBC= 230° > 180°, 1.e. nyra ABC 0Goiblie IOJIYOK-
pyxHoctH, moaromy £AOC=360° - vABC= 360°-230° = 130°.

10.

OrBeT: £LA0C=130".

Bonpocst, 3a0auu u 3adanus

1) B xakom ciyyae mpsimasi KacaeTcsl OKpYy>KHOCTH?

2) Kakue oKpy>KHOCTM Ha3bIBalOTCSI KOHLIEHTPUYECKUMU?

3) Kakoii yron Ha3bIBaeTCsl LIEHTPAJIbHBIM YIJIOM OKPYKHOCTHU?

4) Kak obo3HavaeTcsl Ayra OKpy>KHOCTU?

5) Yrto Takoe yriioBasi BeJIUuuMHa Ayru?

PaccTosiHue mexny uLeHTpamMu ABYX OKpPY:KHOCTeil paBHO 2 cm. Kak
PacnoI0XEeHbl 3TU OKPYKHOCTHU IO OTHOILLEHUIO APYT K APYTY, €ClIr UX
paguychl paBHbl: 1) 3cmu 5cm; 2) 2cm u 5 cm?

YeMmy paBHO pacCTOSIHME MEXIYy LIEHTpaMu JBYX OKpPYXXHOCTeH, pa-
JUYChl KOTOPBIX paBHBI 4 cm M 6 cm, eclii OKPYXHOCTU: 1) KacaloTcs
BHEIIIHE; 2) KacarTcsl BHYTPeHHe?

Ha ckoyibKO Ayr M UEHTpajJbHBIX YIJIOB pa30MBAIOT JAHHYIO OKpPYXK-
HOCTb JIBE MPSIMbI€, TPOXOMASIIME YEPE3 LIEHTP OKPYKHOCTU?

M3 ogHOI TOUKM OKPYXXKHOCTHM MPOBEIEHBI ABE XOP/bl, paBHbIE PAAUYCY
OKpyXHOCTU. HaiimuTte yroa mexmay HUMU.

2 4
Jlyra, COOTBETCTBYIOIIIAsl LICHTPAJIbHOMY YIJIy, COCTaBJsIeT: 1) 35 2) R
7 5 13 17 23 .
3) o 4) 9 35) TR 6) 30 7) 30 UacTH OKPYXHOCTH. Haiigute stor

LIEHTPAILHBIA YTOJI.

OKpyXHOCTb pazjiejieHa ABYMsI Touykamu Ha aBe ayru. Haitnurte wux
YIJIOBbIE BEJIMYMHBI, eciau: 1) yriaoBas BeaMyrMHa OnHOK M3 HUX Ha 40°
OoJIbllIe OPYIoii; 2) UX YIJIOBbIE BEJIMYMHBI OTHOCSITCS Kak 2 : 7.

Touku A, B, C nexar Ha OKpyXHOCTU ¢ LieHTpoM O. Haiinute yrona
AOC, ectu WABC=170°.
HaiinuTe rpagycHyio Mepy UEHTPaJbHBIX YIJOB, COOTBETCTBYIOLIMUX
nyre AB, paBHoii: 1) %; 2) %; 3) %; 4) %; 35) % YacTU OKPYXKHOCTHU.
B KaxnoM u3 3THUX CayyaeB 3allUILIMTE YIJOBYIO BEJIMYMHY ayTu AB.
Haiinure nuameTp OKpYyXXHOCTU, €CJIU PaauyC OKPYKHOCTHU:
1) 7,8 cm; 2) 10,5 cm; 3) 0,8 dm.
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- N
( 57. YI'OJI, BIIMCAHHbBIU B OKPYXHOCTDb /i

Onpeneneﬂne. y20./l, BepULUHA KOomopoco aexcum Ha OKpPpYICHOCmUu, a
CMOPOHbL nepeceKkarm OKPYICHOCMb, HA3bleAemcsl 6RUCAHHBIM Y2A0M.

Ha puc. 1 yron ABC BnucaHHblii, ayra AnC pacrnojoxeHa BHYTPU
aToro yria. B TakoM ciyyae roBopsT, UTo enucauHuii yeon ABC onupaemcs
Ha dyey AnC.

Teopema.

BrucanHplii yroj wW3MepsieTcsl TOJIOBHHOH JyrM, HAa KOTOpPYI0 OH
onupaeTc:

ZABC= %UAC.

Jlokazamenvcmeo. Ilyctb /ABC — BIMCaHHBIM YIrojg OKPYXHOCTU
¢ ueHtpom O, onupatoumiicsa Ha ayry AC (puc. 2). PaccmoTrpuM Tpu BO3-
MOXHBIX CJIydasl pacrnojioxkeHus jyya BO otHocuteabHO yriaa ABC.

Cayuaii 1. Oona u3z cmopon énucannoeo yeaa, Hanpumep BC, npoxooum
uepez uenmp O okpyswcrnocmu (puc. 2, a). Ilposenem paauyc OA u pac-
cMoTpuM 1eHTpaibHbld yron AOC. Yron AOC — BHELIHU yroa Tpe-
yronbHUKa BOA. Tlostomy ZAOC= /0BA+ ZOAB (o CBOWCTY BHElI-
Hero yrjaa TtpeyrojibHuka). Ho Z0OBA= Z/0AB, Tak Kak TpeyrojbHUK
AOB — paBHoOenpeHHblii (OA= OB= R). A nockoyibKy yrisl OBAu OAB
paBHbl KaK YIJbl MpPUM OCHOBAaHUM PaBHOOEAPEHHOIO TPEYrojbHMKA, TO
ZAO0C=2/ABC (1). Ho yron AOC ueHTpajbHbIii, €ro BeJMYMHA paBHa
yrioBoii BeauuumHe ayru AC, NpuHAIexaliuii 3Tomy yriay (tema 56).
B stom cnyuyae nmyra AC MeHblIe IOJYOKPY:KHOCTH, CJIEIOBaTelIbHO, IIO
CBOMCTBY LIEHTPAJILHOTO YIJIa:

ZA0C=UAC. (2).

M3 pasencts (1) u (2), umeem: 2/ABC = UAC, 1.e. ZABC= %UAC.

s riepBoro ciydasi TeopemMa JoKas3aHa.
Cayuau 2. Ilenmp oxpyacrnocmu O aexcum eHympu enucannoeo yeana ABC.
ITposenem nyu BO, xotopnwiit nepecekaer ayry AC B HEKOTOpoil Touke D
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(puc. 2, 6). Touka D pasnensetr nyry AC Ha nBe nyru: vAD u v DC. ITlo

nokazaHHoMy (ciydait 1): ZABD = %UAD u «DBC= %UDC. CkuanbiBast
9TU paBEHCTBA IMOYJIEHHO, MOJyJYaeM:

/ABC = /ABD + /DBC =%uAD+%uDC =%(uAD+uDC)=%uAC.

Cayuan 3. Llenmp oxpymcnocmu O aexwcum eHe enucanHoeo yera ABC.
Hns aToro ciydasi, Mojb3ysiChb puc. 2, 6 , IPOBEIUTE J10Ka3aTeJbCTBO CaMOC-
TOSITEIBHO.

Cnencrsue 1. BnucauHvle yeavl, onuparouwuecs Ha 00OHYy u my dce 0yey,
pasnbl (puc 3, a):

£B= 2B, = /B, =..= 3 GAC.

Cnencrteue 2. Bnucannuwiil yeon, onuparowjutics Ha duamemp (NOAYOKDPYIC-
Hocmb), — npamou (puc. 3, 6):

4ZB=/B/=/B,=..=90".

3amaua. B okpyxHOoCTM mpoBeneHa Xxopaa, paBHasi paguycy. Ilom ka-
KHUM YIJIOM BHUJIHA 3Ta XOopaa u3: 1) LeHTpa OKPYKHOCTH; 2) MPOM3BOJIbHOM
TOYKM OKPYKHOCTU, OTJIMYHOM OT KOHLIOB JaHHOW XOPbl?

Pemenue. Ilyctb AB — xopaa OKPY:KHOCTU C LIEHTpOM B Touke O,
paBHasi paauycy (puc. 4). Torna TpeyroibHukK AOB — paBHOCTOPOHHMI, U,
cJenoBaTeIbHO, LEHTPaJbHbINM yroa (yroj, moix KOTOPbIM BuMAHa xopaa AB
U3 LIEHTpa OKpyXHocTu) paBeH 60°. i mpo3BoiabHOM Touku C OK-
PYXHOCTH, OTJIMYHOU oT A u B, BnucanHbii yron ACB (yroj, mnoj
KOTOpbIM BUIHA Xopiaa AB u3 Touku C) paBeH MOJIOBMHE LIEHTPAJIbHOTO,
T.e. paBeH 30°.

Omeem: 1) 60°; 2) 30°.

Bonpocst, 3a0auu u 3adanus

1. 1) Kakoii yron Ha3piBaeTCsl BOUCAHHBIM YIJIOM B OKPY>KHOCTb?
¢ 2) Yem usMepsieTcsl BIMCAHHbIA yron?
3) Yemy paBeH BOMCAHHBII yroJj, ONMParOIMACSI Ha MOJTYOKPYXKHOCTb?

B, @

6) A——8R
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2. (Yemuo.) BnucanHblit yroa paBeH 25°. OnpenenvTte BeIWYMHY IyTH, Ha
KOTOPYIO OH OIMPAETCH.

3. AB u BC — xopnbl OKpyxXHOCTU ¢ LeHTpoMm O, ZABC = 30°. Haiinure
nauny xopasl AC, eciu paauyc okpyxxHoctu 10 cm.

4. 1) Ha pucynke 5 Touka O — LEHTp OKpyxHoctH, LAOB=88°.
Haiinute ZACB. 3anojHUTE IPOIMYCKMU.

Pewenue. Yron AOB sBnsieTcs ... yIJIOM JaHHON OKPY>XHOCTH M paBeH
..°, cnegoBarenbHo, UADB=...°. Yron ACB sBnsercs ... U OIupaeTcs

o

Ha ayry... , noeatomy LACB= %u =00
Omeem: ZACB= ...".

2) Ha pucynke 6 WCAB= 130°. Haiinure £ CAB.

Pewenue. Yron CAB sBisieTcsl BOMCAHHBIM YIJIOM OKPYXXHOCTU M
onupaetcs Ha ayry UCDB. Otrkyma: WCDB=360°—UCAB=

= 360°— 130° =230°, ZCAB= 3UCDB = 5-230° = 115".

Omeem: Z/ CAB= 115",

3) Ha pucynke 7 ZAPE=46°, Z/BCE = 34°. Haiinute ZAEP.

Pewenue. Bnucannvie yrisl PAB u BCP ... Ha ongHy U Ty Xe ... BP,

ciaenoBatenbHo, /PAB= ~...= ... . I3 TpeyroibHuKka AEP noayyum:
ZAEP=180°— (£...+ £..)=180° — (... + ..)=....
Omeem: ZAEP= ... .

S. Touku A, B, C pacnoyio)x€HHble Ha OKPYXXHOCTM, HENIST 3Ty OKPYXK-
HOCTb Ha TPU AYTH, IPAayCHBbIE MEPbl KOTOPHIX OTHOCITCA Kak 3:5:7.
Haiinure yrisl TpeyroibHuka ABC.

6. Xopma nequt OKpYyXXHOCTb Ha JIB€ YacCTH, I'pPalyCHbIe BEJIMYMHBI KOTO-
pbix oTHocsITcs Kak: 1) 5:4; 2) 7:3. Ilon KakuM yrjioM BUIHA 3Ta
XopJa U3 J1000i TOUKU OKPYKHOCTU?

7. IlpoBenennl nuamerp AB u xopna AC. Haitnute yron BAC, ecnu
rpagycHble Mephl 1yr AC u CB oTHOCATCS Kak 7 : 2.

8. AB u BC — xopabl okpyxHoctu, /BAC=70°, UAB= 120°. Haiinure
rpagycHyio mepy ayru AC.

& % © %

Qe

88°
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1 58. U3SMEPEHUE YIJIOB, OBPA3OBAHHBbIX
CEKYHIMMHA OKPYXHOCTH

1. Yroa, o0pa3oBaHHbBI KacaTeJbHOH W XOPIOI.
Teopema 1.

VYroJj, o0Opa3oBaHHBIii KAacaTeJbHOW W XOPAOiA, MCXOAAMIEd M3 TOYKH
KAaCaHus, M3MepsaeTcs MOJOBHHOM AYrH, OTCEKAaeMOi ITOM XOP/IOH.

Lokazamenvcmeo. Ilyctb AB xacatenbHasi, BC xopma. [lokaxeM, 4TO

ZABC = %uBmC (puc. 1). Hna osrtoro, mnpoBenem uepe3 BepuiHy C
CD| AB, 3uaunr, ZABC= /BCD (kaK BHYTPEHHHME HAKPECT JIeXKallue

yrabl). Tak kak £C= %uBnD u CD| AB, o nonyuum UuBnD=uUBmC u
/B=/C= %uBnD = %uBmC.

3anaua 1. Xopma AB crgaruBaeT Ayry OKpyXXHoOcTM B 56°. Haiimure
yIJIbl, KOTOpbIe OOpa3yeT 3Ta XopAa C KacaTeJIbHbIMU K OKPYXXHOCTH,
MPOBEACHHBIMU Yepe3 ee KOHeEIl.

Jano: (O; R), AB — xopna ZAOB= 56" — LIeHTpaJbHBII YTOJI, CTATH-
Batowuit xopay AB, AC L OA, BC 1L OB (puc. 2).

Tpebyemcsa naiimu: £ CAB, L CBA, ZBAD, ZABE.

Pewenue. Yroyn, o00pa3zoBaHHBI KacaTeJbHOW M XOpPAOW paBeH
UAB = 56° (cayuaii 1) umm uAnB = 360" — 56° = 304° (cmyuaii 2).
1

Takum o6paszoM, umeeM: B 1-om ciayyae ZCAD= %UAB =3 56° =

o 1 1 o o
= 28°, a 2-oM ciydae LBAD=5uAnB= 7 304° = 152°.

Ham u3BecTHO, €ciyv M3 OJHOW TOYKMU IPOBEACHBI IBE KacaTeJbHbIe K
OKPYXXHOCTH, TO OTPE3KM KacaTeJbHbIX, 3aKJIOUEHHbIE MEXIY 3TON TOUYKOM

U TOuyKaMu KacaHus, paBHbl. [loatomy TtpeyroibHuk ACB — paBHOOEn-
PEHHBIA.

CnenoBarenbHo, LCAB= ZCBA=28°u /BAD= ZABE=152°.
Omeem: L CAB= 2CBA=28°, /BAD= /ZABE=152".

Oy ® 2
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2. Yriabl, 00pa3oBaHHbIE NEPECEKAIDNMMHUCS XOPAAMH.
Teopema 2.

Kaxnapiiik u3 BCPTHKAJIbHBIX YIJIOB, 06pa301;ammx JIIOOBIMH ABYMS
NepeCCKAIMUMHUCA XOpAaMHu, U3MEPACTCA HOJchyMMOﬁ Ayr, Ha KOTOpbi¢
OnmuparnTCA €ro CTOPOHbI U UX MPOAOJIZKCHUA.

Jlokazamenvcmeo. Ilycte ZABC — onlMH U3 NIBYX YIJIOB, 00Opa30BaHHbLIN
nepecekaromumucss xopgamu CD u AE  (puc. 3). JokaxeMm, 4TO

1
Z/ABC = E(UAC +UDFE) . s aT0r0, COeAMHUM TOYKM A u D, Torma yroiu
ABC gBnsieTcsi BHELIHUM YIJIOM TpeyrojbHuka AABD. CienoBaresibHO,

ZABC= /ADC+ /DAE. Ho /ADC = % UAC u /DAE = % u DE . Tlo-
otomy ZABC =20 AC + 50 DE = 2 (UAC + UDE)

AHayiornuHo gokaxure, uro LABD = ZCBE = %(UAD +UFEC )

3amaua 2. Ilyctb AB u CD — Xopabl OOHOI
OKPY>XHOCTHM, KOTOpBIC IepeceKaloTcsl B Touke P.
Haiinute yron CBP, ecnim yron BPD B 4 paza
oonbiie yra BPC, a yron CDA Ha 26° OGosblie
yria BPC.

Mano: «BPD=4/BPC, /CDA = /BPC+ 26°
(puc. 4).

Tpebyemcs naimu: ~ CBP.

Pewenue. BPD+ /BPC=180°, 4/BPC+
+ ZBPC = 180°, orciona 5/BPC = 180° u HakoHel, /BPC = 36°.

ZCDA= ZBPC+ 26°= 36"+ 26°= 62°. ZCBA= ZCDA= 62°, TaKk KaK

OHM SBJISIOTCS BHYTPEHHMMM YyIVIaMM, omuparoiidecs Ha omHy ayry UAC.
Orcrona LCBP= ~CBA= 62°.

Omeem: L CBP= 62°.

3. VYroa, oOpa3oBaHHBbIi JBYMSI CEKYIIMMH, IMepeceKalomuMHucs BHe
OKPYKHOCTH.

Teopema 3.

Yron (ABC), o0Opa3oBaHHBIii JABYMSI CeKYy-
UMK, TepPeceKaAIOIUMICS BHE OKPYXKHOCTH,
u3mepsercs mnoxaypasHoctoio ayr (AC u DE),
3aKJII0YeHHbIX BHYTPH YTJIa.

Iokazamenvcmeo. Ilyctb cexymme BA u BC
nepecekalTcss B Touke B. JlokaxkeM, 4YTO

/B = %(UAC —~UDE). Jlnsg 9TOr0  COeNMHMM
Touku A u E (puc. 5). Yron AEC — BHEWIHUI 1O
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OTHOLLIEHUIO K TpeyroibHUKy AEB. 3nauut, ZAEC= /B+ ZDAE, otkyna
£ZB= /ZAEC— DAE. Ho, ZAEC= 0,50AC u £DAE=0,50DE. CnenoBa-
TEJIbHO, TMOJYPa3HOCTbIO 3TUX YT U3MEPSIETCS U TaHHBIN yro:

1 1 1

3HauuT, 4yTO0 /B = %(UAC —UDE). Teopema noka3aHa.
4. CpoiicTBa JBYX KacaTeJbHbIX, NPOBEIEHHBIX M3 OIHOH TOYKH K
OKPYKHOCTH.
Teopema 4.
Yron, o0pa3oBaHHbIi ABYMS KacaTeJbHbIMH, NPOBEIECHHBIMA W3 OXHOM
TOYKH K OKpPYXKHOCTH paBeH pasHoctd 180° ®W MeHbmeir wu3 ayr
3aK/MI0YEHHBIX MEXAY TOYKAMH KaCaHMS.

Jlokazamenvcmeo. Ilyctb KacateiabHble BC
@ C U BA K OKpPYXHOCTU C LEHTpOM B Touke O,
MpoOBeeHHbIE M3 TOYKM B U Kacawluiuecs
OKpy>XHOCTM B Toukax Cu A, u BD Ouc-
0 cektpuca yria ABC. HokaxeMm, uto AB= CB,
u ueHtp O nexut Ha BD, u /B=180°—uwAC
7l (puc. 6).

IIpoBenem pamuycel OA u OC, Tak Kak
OAL BA u OCLBC, To NAAOB n ANCOB —
MpSIMOYTOJIbHbIE, M OHU paBHBl AAOB=
= ACOB, Tak KaK MMEIOT OOILYIO0 TMIOTEeHY3Yy
BO, u pasHbie karetei OA= OC=R. W3
paBeHCTBa TpeyrojbHUKOB, cienyer AB= BC.
Tak kak OC= OA= R wu OA1 BA, AB= BC n

. )’C//]{ OC 1 BC, 1o cnenyet, yto HeHTp O JIEXUT Ha

- ouccekTtpuce BD. Ha ocHOBaHUM TEOPEMEBI O

CBOICTBE M3MEpEeHUs1 YIJIOB, 0Opa30BaHHBIX
JNBYMsI CEKYILIMMM, MEPECEKAIOIIMMUCI BHE OKPYXKHOCTU, UMEEM:

/B=0,5uADC — uAC) = 0,5(360° — UAC — UCA) = 180° — UAC,
3HauuT, /B = 180°— UAC.

Teopema mokaszaHa.

3amaua 3. OKpyxXHOCTb pasgeieHa TouykamMmu A, B u C Ha 1yru,
rpagyCcHble BeJIMUYMHBI KOTOPBIX OTHOCSTCS Kak 11 :3:4. Yepes Touku A, B
n C mpoBeneHbl KacaTesibHble A0 MX B3aMMHOTO mnepecedyeHus. Haiioure
yIJIbl 00pa30BaBIIEroCsl TPEYTrOJbHUKA.

Pewenue. 1) UBnC:UCD:UDB=11:3:4. Ilyctb AKL — Tpeyroiib-
HUK 0Opa30BaHHBIN KacaTeJIbHbIMU, MPOBEACHHBIMU Y€pe3 TOYKM KacaHMsI
0 UX B3auMHoro nepeceueHust (puc. 7). Haxooum yrasl A, AKL n ALK:

360° 360°
11+3+4 11+3+4

uBnC = 11=220°; wCD = -3=60°;
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n s

360° ..

UCDB=uCD+uDB=060°+ 80° = 140°;

£LA=180°—UCDB= 180" — 140° = 40°,

£BKD=180°—uDB= 180" —80° = 100°,

LAKL = 180°— 2BKD= 180° — 100° = 80°,

LALK=180°— (LA+ £AKL) = 180° — (40° + 80°) = 180° — 120° = 60°.
Omeem: LA= 40°, LAKL = 80°, ZALK = 60°.

Bonpocst, 3a0auu u 3adanus

1) Kak uzMepsieTcs yroj: MeXay KacaTeJIbHOU U XOPIOi; MEXIy IBYMS
MepeceKaloMMUcs XopaaMu; OOpa30BaHHbBIM ABYMSI CEKyLIMMU, Iie-
peceKarolMMUCs] BHE OKPYKHOCTU?

2) Kakum CBOMCTBOM 00JIafalOT JBE KacaTeJibHble, IPOBEIECHHbIC U3
OIIHOM TOYKU?

HaiinuTe yron, oOpa3oBaHHBIM Xopmoil AB, mIMHA KOTOpOil paBHa
paauycy OKpy»XKHOCTH, U KacaTeJIbHOM, NMpoxosiieil yepe3 Touky A?
OnuH u3 yrioB, OOpa30BaHHBIX IEPECEKaIOIIMMUCI XOpIaMu, paBeH
70°. Haiinute CyMMy YIJIOB, CMEXHBIX JaHHOMY.

Ilo naHHBIM puc. 8 HalIUTE BEIMYMHY HEUM3BECTHOIO yIJja X.

Yron wmexnay aByms pamuycamu paBeH 150°. Haitnute yrom Mexmy
KacaTeJbHbIMU, MPOBEACHHBIMU Yepe3 KOHILIbl 3TUX PaauyCoB
KacarenbHble BA u BC, nipoBelleHHbIE K OKPY>KHOCTU M3 TOYKU B, TOU-
KaMy KacaHUs JeJsIT OKPY>KHOCTb Ha Jyru, OTHocsIMecs Kak: 1) 5:4;
2)12:6; 3) 9:6; 4) 13:7; 5) 2: 3. Haiinute BeamuuHy yrina ABC .
Yepes KoHel XOpabl, AENsIedl OKPYXHOCTb B OTHoweHuu: 1) 2:7;
2) 4:5 mnpoBeneHbl KacartejqbHble. Haiiaute yriael 00pa3oBaBIIErocs
TpeyroJjbHHUKa.

HaiinuTe yron Mexnay KacaTeJlbHbIMM, IPOBEIEHHBIMU U3 TOYKHU,
BHEIIIHEH MO OTHOLIEHUIO K OKPYXHOCTHM, €CJIM TOYKM KacaHUs ACJST
OKPYXXHOCTb Ha JBE€ JYI'M, OTHOCSILMECS KaK:

1) 1:9; 2) 3:15; 3)7:11; 4)3:7.

Yron mexny nBymsi paagdycamu paseH: 1) 52°; 2) 74°; 3) 104°. Haiinure
YIOJl MEXJy KacaTeJbHbIMM, IPOBEACHHBIMU Yepe3 KOHIIbI 3TUX PaauyCOB.
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((__ 59. CBOMICTBA XOPJ I IMAMETPOB OKPYXHOCTEN j

Teopema 1.

JlnaMeTp, mepneHIUKYJISAPHBIA XOpae, NEJUT 3Ty XOpAY H CTATHBAEMYIO
€10 JIyTy momnoJiam.

Hoxazameascmeo. IlycTb gaHa  OKPY>KHOCTH
¢ ueHtpoMm O u pamuycoM R, nuamerp CD mepneH-
IUKYIsipeH xopne AB, P — touka nepeceyeHusi CD u
AB (puc. 1). okaxem, yto AP= PBu UAD = UDB.

B cnyuae, xorma xopma AB cama sIBsIeTCsl aua-
METpOM, TouKa P coBnagaeT ¢ LeHTpoM O U YTBEpXK-
JeHrue TeopeMbl oueBuAaHO. Ilyctb xopma AB He
sBisieTcss nuametpom. Ilposenem panuycbl OA u OB.
TpeyronbHUK AOB — paBHOOEAPEHHBIN, TaK Kak
OA= OB= R. Tak kak OP — BbICOTa, OIlylLUEHHAas
Ha OCHOBaHUE AB, TO OHa MO CBOMCTBY paBHOOEIPEHHOIO TPEYroJbHUKA
SIBJISIETCSI MEAMAHOM, TPOBEACHHOM K OCHOBAaHUIO, U OUCCEKTPUCOU yria
npu BepurHe O. CrenoBaTelbHO, TMAMETP, MPOXOASIIMIA Yepe3 CepeaurHy
Xopabl, Aenut xopay AB nomonam, T.e. AP= PB. Tak kak OP— Ouc-
cektpuca yrnma AOB, to ZAOP= ZBOP, cnepoBarenbHo, UAD = UDB.
Teopema mokaszaHa.

Teopema 2.

Xop,z[a OKPY2KHOCTH HE€ NMPEBOCXOIHUT €€ JuaMeTpa.

Jlokazamenvcmeo. TpeyronibHUK OPB — TpsIMOYTOJIbHBIN (cM. puc. 1).
Torma B aTOM TpeyrojbHuke pamuyc OB — runoteHy3a, PB — karer. Ho
U3BECTHO, UTO KaTeT He OOoJibllle TMIIOTeHY3hl, T.c. PB< OB, cinegoBaTeib-
HO, 2PB<2- OB u 2PB=AB u 20B=2R=d. 3nauur, AB<d.

Cnencreue 1. FEcau duamemp npoxooum uepe3 cepedury Xxopobl, He
aeasowelics duamempom, mo OH nepneHOUKyaapeH 3moi xopae.

Cnencreue 2. CepeduHHblll hepneHOUKYAap Xopovl, s8a1emcs ouamempom
OKPYICHOCIU.

JloKaxXuTe caMOCTOSITEIbHO 3TU YTBEPXKIACHMSI.

3anaya 1. [lokaxwuTe, 4YTO IMaMeTp €CTb HaMOOJIbllas XopJaa OKpPYXK-
HOCTH.

(2) 4
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Pewenue. Tlyctb 1aHa OKpYXXHOCTb C LIEHTPOM B Touke O M paamycom
R, AB— npowu3sBojibHas1 Xopaa, oTJau4YHas oT auametpa (puc. 2). [IpoBenem
otpesku OA u OB. B tpeyrosbHuke AOB cTopoHa AB MEHbIE CyMMbI
IByX Apyrux ctopoH, T.e. AB< OA+ OB= R+ R=2R. CnenoBaTeibHO,
xopna AB meHblIe guaMerpa.

3anaya 2. Touka A pacnoyiokeHa BHE OKPYXXHOCTU C paguycoM R u
ynajgeHa oT ueHTpa O 3TOi OKpPYXHOCTM Ha paccrossHue d. Yemy paBHO
HaMMEHbIIIee PACCTOSIHME OT TOYKU A 0 TOUEK JTaHHON OKPYKHOCTH?

Pewenue. Tlycte B — TOYKa IepecedyeHusi OKpPYKHOCTU ¢ oTpe3koM OA
(puc. 3). ITokaxem, 4TO paccTosiHue AB SBIseTCS HaMMEHBIIUM U3 BCEX
BO3MOXHbBIX PACCTOSIHUI OT TOYKU A 10 TOUYEK OKPYKHOCTH. JleicTBUTEb-
HO, 111 J1Io0oi npyroit Touku C OKPY>KHOCTU BBIMOJHSIETCSI HEPABEHCTBO
AB+ BO<AC+ CO. Tak kxak BO= CO= R, TO 13 3TOro HepaBeHCTBa
nosyyaeM HepaBeHCTBO AB< AC. VYuwthiBasg, uro AO=d u BO=R,
MojilyyaeM, 4TO MCKOMOE HaMMEHbIIEE PAaCCTOSIHME PaBHO JUIMHE OTpe3Ka
AB, T.e. paBHO d — R.

Bonpocst, 3a0auu u 3adanus

1. 1) Kakumu cBoiictBamu objanaer aMameTp, MeprneHauKyJIsIpHbIi Xopae?

2) Moxet iu Xxopa OKpY>KHOCTU ObITh OOJIbllIE ArameTpa?

3) MoxXeT iu cepeAMHHBIN MEPIEHAUKYJISIP XOPIbl HE ObITh AUaMeTpoM?

2. HauepTtuTe OKpPYXHOCTb M NPOBEAWTE JBa IMEPHEHIUKYISIPHBIX APYr
npyry nuamerpa AB u CD. Haiinute rpamycHble Mephl AYT, Ha KOTOpPHIE
JIEJIAT OKPYKHOCTb ToOuku A, B, Cu D.

3. Haiinute paccTtosiHMe OT LIEHTpa OKPYXXHOCTM IO XOpPIbl, €CJIM XOopja
JIUIMHOI 8 cm crsiruBaer ayry B 90°.

4. VI3 nmaHHOM TOYKM OKPYXHOCTU TIPOBEIEHBI JIBE XOpIbl, paBHbIC
panuycy okpyxHocTtu. Haiinure yroa mMexmay HUMU.

5. W3 naHHOI TOYKM OKPYKHOCTU MPOBEACHBI AMAMETP M XOpjJa, paBHas
panuycy okpyxHoctu. Haiinute yron mexay HuMmu (puc. 4).

6. B okpyXHOCTM MpoBeAeHbI JABE MNapasje/ibHble XOpPJbl, CTSATMBAIOIIME
ayry B 90°. HdnuHa omHoil u3 HUX 8 cm. Haiigute paccTossHue MeXmy
XOpJaMM.

7. JlokaxuTe, 4TO JIBE XOPIbl OKPY>KHOCTH, KOTOpPbIE HE IMPOXOISIT 4epe3
ee LEHTp, MmepeceKasiCb, HE MOTYT ACJIUThLCS MOIOJIaM.

8. OT ToukM A OKPYXHOCTH MpoBeaeHbl ABe Xopabl AB u AC, nauHbl KO-
TOpbIX paBHBI paguycy. Touku B u C coenuHeHbl oTpe3koMm. Haiigute
paccTosiHue OT LEHTpa OKPY:KHOCTU 00 Xxopabl BC, ecnin R= 12 cm.

9. B oKpyXXHOCTHM TPOBEJEHBI JIBe MapasiebHbIe XOPIbl, CTATMBAIOLINE TYyTY
B 90°. InuHa ogHoit u3 Hux 10 cm. HaiiauTe paccrosiHue MexXny XOpaaMmu.

10. Pagunyc okpyxHoctu paBeH 13 cm. IIpoBeneHa xopaa 3ToOil OKPYXKHOCTH,
paBHast 10 cm. BerumciavTe paccTosiHUME OT LIEHTpa OKPYXKHOCTU J0 XOPIBbI.

11. Otpe3ok AB — nuametp OKpyXkHocTu c LieHTpoM O, AC u CB — paB-
Hble XOpAbl 3TON oKpyxkHocTtu. Haiinure yron COB.
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( 60. IIPAKTUYECKUE 3ATAHUA U ITPUMEHEHUE D

TOMOJHUTEJIBHBIN MATEPUAJI, PA3BUBAIOIIIUI
IMPAKTUYECKUE KOMIIEHTEHIINU

JAJIBHOCTb I'OPU30OHTA

3amaua 1. (OnopHas 3adaua.) [oxaxure, 4TO KBaApaT IJMHBI OTpe3Ka
KacaTeJbHOM paBeH IIPOM3BEASHUIO IJIMHBI OTpe3Ka CeKylleli Ha IJIMHY ee
BHEIIHEW 4acTu.

Pewenue. TlycTb 13 TOUKM B BHE OKPY:KHOCTU C LEHTpoM O IIpOBEACHBI
cexywasi BE u, kacarenbHeie BC u BD (puc. 1).

JlokaxeM, uto BC? = BE - BA. Jna storo pac-
CMOTpPUM  IIpSIMOYTOJIbHBIA  TpeyrojbHUK  BOC
(£C=90°). Orkyna no teopeme Ilucaropa:

BC? = BO*- 0C*.

B 5T0 paBeHCTBO MOACTAaBUM Clenyloliue 0003-
C HaueHust BO=BA+ AO=BA+ R u OC= R, mnony-
YEHHOE PaBEHCTBO YIIPOCTUM:

BC* =(BA+R)’-R* = BC* =BA +2BA-R+R -R =
= BC? =BA> +2BA-R= BC? =BA-(BA+2R) >
— BC? = BA- BE

Yto u TpebOoBaIOCh J0OKA3aTh.

1. IlonsaTHe 0 rOpU30OHTE.

Ha poBHOM I10jie¢ BblI BUAUTE ce0sl B LIEHTPE OKPYKHOCTH, KOTOpasl orpa-
HUYMBAeT NOCTYIIHYIO BallleMy Ijla3y 3€éMHYIO ITOBEPXHOCTb. DTO — TOPM30OHT.
JluHus ropu3oHTa HEyJOBHMMA: KOIIa Bbl HAETe K HEM, oHa OT Bac OTOM-
Buraetcs. Ho, HegocTyIHasi, OHa BCe Xe peaJlbHO CYIIECTBYeT, 3TO HE OOMaH
3peHusl, He Mupax. s Kaxaoi TOYKM HaOJIOAEHUs MMEETCS OIpeacsIeHHas
rpaHuvIa BUAUMOU U3 HEE 3EMHOU MOBEPXHOCTU, M NAJTbHOCTH 3TOU TPAHUILIBI
HETPYAHO BBIYUCIUTH. UYTOOBI YSICHUTH cebe IeoOMeTpPUYECKUEe OTHOIICHUS,
CBsI3aHHBIE C TOPU30OHTOM, OOpaTUMCS K puc. 1 (umu puc. 2), nzodbpaxaroliemy
yacTb 3¢MHOro Iapa. B Touke B momelaeTcs Iy1a3 HaOJrogaTessi Ha BHICOTE
BA Haj 3eMHOI MoBepxHOCThIO. Kak maneko BUAUT Kpyrom cedsi Ha pOBHOM
MecTe 3TOT Habmoaatenb? O4yeBUIHO, TOJAbKO no0 Touek C u D (puc. 1) uam
no touku C (puc. 2), Toe Jy4 3peHUs] KacaeTcsl 3eMHOM IOBEPXHOCTU: JaJIbIIIe
3eMJIS JICKUT HIDKE JIyda 3peHUs. DTU TOYKM (M Opyrue, JieXallue Ha Oyre
okpyxHoctTu DAC) mipeAcTaBisioT co0Oil IpaHHUIy BUAMMOR YacTU 3eMHOM
MOBEPXHOCTU, T.e. OOpa3yloT JMHUIO TOpu3oHTa. HaOmomareno MOMKHO
Ka3aThbCsl, UTO 3[eCh HeOO OIMpaeTCsl Ha 3eMJIIO, IIOTOMY UYTO B 3THUX TOYKax
OH BUAUT OJHOBPEMEHHO U HEOO W 3eMHBIC IIPEAMETHI.

2. JIaibHOCTDH TOPHU30HTA.

Kak xe paneko JexXuT OT HaOomarensl JUHUS TopuzoHTa? Hpyrumu
CJIOBaMM: KaK BeJMK paguyc TOTO Kpyra, B LIEHTpEe KOTOPOro MBI BUAUM Ce0s
Ha poBHOII MecTHOCTU? Kak BBIYMCIMTH JAJIbHOCTb TOPU30HTA, 3HAsl BEJIM-
YUHY BO3BBIILIEHUS HaOIoAaTes sl Hal 36MHOM ITOBEPXHOCTbHIO?
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3agaya CBOIMTCS K BBIYMCIIEHUIO JJIMHBI oTpe3ka BC (puc. 2) KacaTejb-
HOM, MPOBEAEHHOI U3 Ija3a HabjomaTesss K 3eMHOI IoBepxHOcTH. KBampat
KacaTeJbHOM — KakK MBI 3HaeM M3 pellleHus 3aJauyd 1 — paBeH MpPOU3BEIECHUIO
BHEIIHEro oTpe3ka BA=h cekyllleil Ha BCIO IJIMHY 3TOI CeKylleil, T.e. Ha
BE=h+2R d*>=(h+2R)-h, tne R — pamuyc 3eMHoro miapa, BC=d —
JaJIbHOCTh TOPU30HTA. TakK KakK BO3BBILICHME IJia3a HaOJmomaTesIs Hal 3eMileit
OOBIYHO KpaliHe MaJlo II0 CpaBHEHHMIO ¢ auameTpoM (2R) 3emMHoro 1iapa,
COCTaBJIsIsI HampuUMep, s BbICOYaillliero MOAHATHSI camojiera okoio 0,001
nuamMeTrpa, To 2R+ h MOXHO TpUHATHL paBHBIM 2R, M Torma dopmyna
YIIPOCTUTCS:

d? ~2Rh.
3HAYUT, NAIBHOCTh TOPU30HTA MOXHO BBIUMCIISATH IO OYEHb IIPOCTOM

bopmyie:

d ~2Rh ,
rae R — paauyc 3emHoro imapa (okojo 6400 km, uiau Tounee 6371 km), a h —
BO3BBILICHKE IJ1a3a HAOIIOHATE ST Hal 3¢€MHOM MMOBEPXHOCTBIO.

Tak kak /6400 = 80, To popMysae MOXHO HPUIATH CICIYIOLIAI BUI:
d ~802h ~ 113Jh

rae 4 HeIpeMEHHO JOJDKHO OBITh BBIPAXXEHO B YACTIX KUJIOMETpa.

3amaua 2. Kak pmajneko BHMIHA MOBEPXHOCTb 3eMJIM C caMoJjeTa, JIETSILEro
Ha BbicoTe 10 km Hanm 3emieil (panuyc 3emiiu
okoso 6370 km.) @

h ;._... ‘—

Pewienue. OA= R~6370km, AB=h= B
=10km. Haxomum BC=d (puc. 2). Bel 3Ha- |AB =h=10km d
eTe, 4YTO KBaapaT IMHBI OTpe3Ka KacaTeslb- A
HOIl paBeH IPOU3BEACHUIO [UIMHBI OTpe3Ka
CEKYIIEH Ha IJIMHY €€ BHEILIHEHW 4YacTH, T.€. R~ 6§10km <
d>=(h+2R)-h wm
d*> = (10 + 2 - 6370) - 10 = 127 500,

OoTcCroga: 0

d = /127500 = /51-2500 = 50/51 ~
~ 507,141 = 357,05 ~ 360 (km).

Omeem: ~ 360 km.

3amaua 3. Kak majeko BUAHA ITIOBEPXHOCTh 3€MJIM C BO3AYIIHOIO Iiapa,
JIeTSIIero Ha Bbicote 4 km (pamuyc 3emau okojo 6370 km)?

Omeem: =~ 225,8 km.

3amaua 4. Kak gajgeko MOXHO BUIETh ITIOBEPXHOCTh 3€MJIM C BEPLIMHBI
Dnpopyca, BO3BBILIAIOLIEIOCS Hal YPOBHEM Mopsi 0Kojo 5600 m (TouHee 5642
m)? Paguyc 3emum okosio 6370 km.

Omeem: ~ 270 km.

Ilpumeuanue! Ilpusedennvie pacuemvt uucmo 2eomempuueckue, YNpOuleHHble.
30ech He yumeHbl Qu3uteckue GaKmopsl, eiusgioule Ha 0AAbHOCMb 20PU3OHMA.

145




C( 3AMEYATEJIBHBIE TOYKHA TPEYTOJIBbHUKA ))

PaccMoTpuM deThipe 3aMedaTesbHble TOUKM TPEYroJbHUKA.
1. Touka mepeceyeHHs] BbICOT TPEYroJIbHUKA.
Teopema 1.

BbicoThl TpeyroJibHUKa (MM HX MPOJOJIKEHHs) MEPeceKaoTcs B OIHOM TOYKE.

Joxkaszameavcmeo. Ilycte AD, BF n CE —
BBICOTHI TpeyroiabHuka ABC (puc. 1, a). Ilposens
yepe3 BEepLIMHbI TPEYroJIbHMKa IIpsIMble, I1apaj-
JIeJIbHbIe IIPOTUBOJIEXAIMUM CTOPOHAM, ITOJIYYUM
TpeyrojibHuK A,B,C,, CTOpPOHBI KOTOPOIO IEpP-
NEHIUKYISIPHBL BBICOTAM TpeyrojbHuKa. Ilo
MOCTPOEHUI0  yeTbipexyrosibHuku C,BCA wu
B, ABC — napayenorpammsl, otkyna C,A= BC u
BC = AB,. CnenoBarenbHo, TOuKa A — cepeaurHa
orpe3ka B, C,. AHaJOrMYHO [0Ka3blBacM, 4TO
Touka B — cepenuna A,C, u C — cepenuna A, B,.

Takum oOpa3om, Beicotel AD, BF u CFE
JIeXaT Ha CepeIMHHBIX MepIeHIUKYIsIpaX K CTO-
poHaMm TpeyroibHuKa A,B,C,, KOTOpbIe Mepece-
KalOTCSI B ONHOM TOYKe. 3aMETUM, YTO BBICOTHI
TpeyrojibHUKa MOTYT He mepecekarbcs. Ha puc.
1, 6 u3o0paxeH TYNOYIOJbHBII TPEYroJabHUK,
B KOTOPOM IIPOJOJDKEHMSI BBICOT IIepeceKaloTcCs
B OOHOI Touke [), a caMU BBHICOTHI HE Iiepece-
KaloTCHl.

Touky mnepeceyeHuss BbICOT (WM HUX MpPO-
JIOJDKEHUI) MHauYe Ha3bIBAIOT OpMOUEeHmpoM Tpe-
YTOJIbHUKA.

3amaua. K Kakoil u3 CTOpPOH TpeYyrojbHHUKa
OJI1Ke pacIIOIOKEeH OPTOLIEHTP?

Pewenue. Ilyctb B TpeyronbHuke ABC
AC> BC (puc. 2). Bocnioiab3yemcst TeM, 4TO MJIS
A D B BbICOTBI CD 3TOro TeyrojbHMKa OyIeT BBIIIOJI-
HSATbCSI HepaBeHCTBO AD > BD u, cienoBaTebHO
ZACD> ZBCD. DTo 03HayaeT, UTO TOUKM BBICOTHI PaCHOJOXKEHBI OJMKe K
MEHbIIE U3 CTOPOH, BBIXOMAIIMX U3 3Toil BepuuuHbL. CleaoBaTeIbHO,
OPTOLIEHTP TPEYTOJbHUKA PACHOJOXEH OJIMKe K MEHbIIIeld CTOpOHE

2. Touka mepeceyeHns1 MeIHAH TPEYroOJbHHUKA.

Teopema 2.

Menuanbl TPEYroJibHUKA MEPECEKAITCA B OJIHOM TOYKE M JIeJATCA B ITOM
TOYKE B OTHOIIECHUH 2 : 1, CYMTaA OT BCPIIHH.
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IHokazameascmeso.  Ilyctb B TpeyroiabHuke ABC B
nposeaeHbl Meauansl AA,, BB, v CC, (puc. 3). Ho- @
KaXeM, UTO OHU IlepeceKalocsl B HeKOTOpoil Touke O,
npuyeM AO: OA,= BO: OB,= CO: OC,= 2:1.

Ilycte O — touka nepeceueHusi meauan AA, u CC,,
Touku D u E — cepenunnsl otpe3koB A0 u CO
CcoOTBETCTBEHHO. OTpe3ok C\A, — CcpenHsisl JUHUS Tpe-
yroibHUKa ABC, M 1O CBOMCTBY CpedHel JMHUU
tpeyronbuuka: CA, | AC, C,4,=0,54C. Kpome TorO,
DE— cpennsas nuHusl TpeyrojibHuka AOC, u mo Tomy
xe cBoiictBy: DE||AC, DE=0,5AC. 3HauuT, B YeThI-
pexyroipHuke DC,A E nBe CTOPOHBI MapaUieibHbl U
paBHbl. Takum obpazom, DC\A,E — mnapasienorpamm,
n ero guaroHamm DA, u C\E TOukoil mnepeceyeHuUs
nensitcsa  nononam. CnenoBarenbHo, AD= DO =0A,,
CE=EO= 0OC,, T.e. Touka O penur menuaHsl AA, u
CC, B oTHOLIEHUH 2 : 1.

AHaJIOTMYHO [OKAa3blBa€M, 4YTO U TPEThbs MeAUaHa
BB, TOuKOIi1 nepeceyeHUs1 ¢ Kaxaoul u3 meauaH AA, u
CC, nenurcsa B OTHOLIEHMM 2: 1. A MOCKOJIBKY Takas
TOYKA JeJeHUs I KaxIOM M3 MeauaH eIUHCT-
BEHHasl, TO, CJIEIOBATEIbHO, BCE TPU MEIUAHBI NIEPECEKAIOTCS B ONHOM TOUKeE.

Touky nepeceyeHus] MEAMAH TPEYTOJbHUKA WHAYE HA3BIBAIOT UYEeHMPOUoom
WU UeHmpom macc TPEYroJbHUKA. B yMECTHOCTM TaKOro Ha3BaHUS Bbl MOXETE
yOeIUTLCS, TPOBENs OSKCIEPUMEHT: BBIPEXBTE M3 KapTOHA TPEYroJbHUK
MIPOU3BOJIBHOM (OPMBI, MPOBEIUTE B HEM MEAMAHBI U IMOINPOOYITE yAepXKaTh
€ro B PAaBHOBECHUM, IOJOXUB HAa WIIYy WIA OCTPbIi KapaHjall B TOYKE
nepeceyeHus1 MmeauaH (puc. 4).

3. Touka nepeceyeHuss OHCCEKTPUC TPEYTrOJbHUKA.

Teopema 3.

BuccekTpUChl TPEYroJIbHUKA MEPECEKAITCS B OTHOW TOYKe.

Joxazameavcmeo. O003HaUMM OykBOIi O TOUKYy IepecedeHUs] OMCCEKTPUC
AA,; n BB, tpeyronbHuka ABC v mnpoBeneM U3 3TOM TOYKM IMEPIEHAUKYJISPbI
AB, BC u CA cootrBerctBeHHO K IpsiMbiM OK, OL u OM (puc. 5). Ham
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M3BECTHO, UTO KaxKaasi TOYKa OMCCEKTPMCHI Hepa3BEepHYTOIO yIja paBHOYyIA-
jeHa oT ero ctopoH: OK= OK u OK= OL. Ilosatomy ON= OL, T.e. TouKka
O paBHOynaseHa OT CTOpoH yria ACB u, 3Hauut, JexuT Ha ouccekrpuce CC,
atoro ymia. CienoBaTelbHO, BCe TpU OMCCEKTpUCHI TpeyrojbHuka ABC mepe-
cekaloTcs B Touke (O, 4TO U TpeOOBalIOCh JOKA3aTh.

4. Touka nepeceyeHns cepeIUHHBIX MEPHEHAUKYJISAPOB TPEYroJIbHUKA.

Teopema 4.

Cepelll/lﬂﬂble NEPNECHIUKYJIAPbI, MPOBCICHHBIC K CTOPOHAM TPEYroJbHHKa
NEepeCceKarnTCa B O/ITHOM TOYKeE.

Joxazameavcmeo. O003HaUMM OYKBOUM O TOUKY IepecedeHUs] CepeIuHHBIX
MePIEeHANKYISIPOB m U n K ctopoHaM AB u BC tpeyronbHuka ABC (puc. 6).
Ham m3BecTHO, 4TO KaxKmasi TOUKa CEePEeIMHHOrO MEpIEeHIMKYISIpa K OTPE3KY
paBHOyJajgeHa OT KOHIOB 3Toro orpeska: OA= OB (1) u OB= 0C (2). U3
paBeHCTB (1) u (2) HaxoouMm: OA= OC, T.e. Touka O paBHOyAajJeHa OT KOHIIOB
orpe3ka AC u, 3HAYUT, JIEKUT HA CEPeAMHHOM MNEPIEHAMKY/ISIPE p K 3TOMY
oTpe3ky. CiemoBaTeabHO, BCe TPU CEPEAMHHBIX MEpPHEeHIUKYJsIpa m, n U p K
CTOpOHAaM TpeyroJibHUKa IlepecekaroTcsl B Touke O. Teopema lokaszaHa.

Bonpocst, 3a0auu u 3adanus

1. 1) Bcerna i1u BBICOTHI TPEYTOJbHUKA IepeceKaroTcs?

2 2) CKOJBKO BBI 3HAETE 3aMeyaTesIbHBIX TOYEK B TPEYTOJIbHUKE?

2. Kak pacrnoioxeHbl 3amMeydaTe/IbHble TOYKM B PaBHOCTOPOHHEM TPEYIoJib-
HUKke?

3. Eciu B TpeyrojbHHMKE IBE MEIMaHbI paBHBI, TO OH -
paBHOOeIpeHHbIN. JlokaxuTe. @ B
Pewenue. Ilycts B TpeyronbHuke ABC menuaHbsl AD
u CE nepecekaiorcst B Touke O (puc. 7). PaccMor-
puM TpeyroabHuku AOE u COD. T1ocKOJIbKY TOYKa E D
O penuT Kaxnylo u3 paBHbIX MenuaH AD u CE B
otHoumieHuu 2:1, to AO= CO, EO= DO. Kpome 0
toro, ZAOE= 2ZCOD Xak BepTUKaJbHBIC. 3HAYUT,
AAOE= ACOD mno mnepsoMmy npusHaky. Orcioga |4 C
cienyetr AE= CD. Ho mno omnpeneneHu0 MeIUaHBbI,
3TU OTPEe3KU — II0JIOBUHBI CTOpoH AB u CB. CnempoBatenbHo, AB= CB,
T.e. TpeyroibHUuK ABC paBHOOenpeHHEbIN. YTO 1 TpeOOoBaIOCh JOKAa3aTh.

4. JlokaxuTte, 4To B pPaBHOOCAPEHHOM TPEYrOJIbHUKE BCE YETBhIPE 3aMe-
yaTeJbHbIe TOYKM JiexXaT Ha ogHoi mpsimMoil. Kakast aTo mpsimas?

5. B TpeyrojbHMKe TOYKa IIepeceuyeHUs] MeIUaH COBIIAJaeT C OPTOLIEHTPOM.
JoxaxuTte, 4TO HaHHBIA TPEYTOJbHUK PaBHOCTOPOHHMIA.

6. Moxer au BeplIMHA TPEYroJbHUKA OBITh TOYKOW IIEPECCYCHMSI €ro
BBICOT?

7. Touka nepeceyeHUss MeIWaH TPEYroJbHUKA AEIUT OOHY W3 MeIWaH Ha
OTpe3KM, pa3HOCTh KOTOPBIX paBHa 3 cm. HaiinuTe nauHy 3TOI MeAuaHBbI.
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((61-62. KOHTPOJIbHASL PABOTA 5. PABOTA HAJI OLIMBKAMM)

1

2.

. AB — nmameTp okpyxHoctu ¢ LeHTpoMm O. Haiinure yron DCO, ecnu
0OA=0C=AC.

HauGonblllee M HauMMeHblIee pacCTOSHMS OT JaHHOW TOYKU, paclo-
JIOXKEHHOM BHE OKPYXXHOCTH, IO TOYEK OKPYKHOCTU paBHBl COOT-
BeTcTBeHHO 50 cm u 20 cm. Halinute pannyc JaHHOW OKPY>KHOCTH.
IIpsmeie AB n AC xacaroTcsl OKpy:KHOCTH ¢ HeHTpoMm O, B Toukax B u C.
Haiinure BC, eciu ZOAB=30"u AB=5 cm.

OKpyXHOCTb pasiejeHa Ha TpU 4YacTu, TIpadyCHble MeEphl KOTOPBIX
oTHocsATC Kak 11 : 16 : 9. HaiiguTe yriael TpeyrojbHHUKA, ITOJIy4YEHHOTO
MOCJIEA0BaTEeIbHBIM COSAUHEHUEM TOYEK ACEHUS.

TECT 5 IlpoBeprTe ceba!

. PaccrossHue oT 1LieHTpa OKpPY:XHOCTU OO TOYKM B paBHO 5 cm, pamuyc

12 cm. Haligure HamMeHblee M HauOOJbllee PacCTOSIHUE OT TOYKM B 1o
TOYEK JAHHON OKPY>KHOCTHU.
A)7cm,17cm; Bb)7cm, 12cm; C)5cm, 7cm; /) 7 cm, 24 cm.

. Haubonblllee M HauMeHblee pPacCTOSIHMSI OT JAaHHOW TOYKM, pacIlojio-

XKEHHOIl BHE OKPYXHOCTHU, OO TOUEK OKPYXXHOCTH PaBHbI COOTBETCTBEHHO
30 cm u 10 cm. Haiinure paguyc JaHHON OKPYKHOCTH.

A) 20 cm; b) 10 cm; B) 15 cm; I')5cm.
. AB — puameTp okpyxHocTu ¢ uHeHTpoM O. Haiimute yron CAO, eciu
0OA=0C= BC.
A) 60°; B) 30°; B) 90°; I) 120°.

. I3 TOUKM OKpPY:KHOCTU C paguycoM R MpoBeleHbl IBE XOPIbl IJIMHOM

paBHOU R. Haiimure yroa Mexmay XOpAaMu.
A) 120°; Bb) 110%; B) 135% I) 40°.

. OmuH U3 ymIoB, 0oO0pa30BaHHLIX IlepeceKalolIuMucs xopaamu paBeH 80°.

Haiimure cyMMy YIJIOB, CMEXHBIX 3TOMY YIIy.
A) 200°; b) 90°; B) 100°; I 160°.

. I3 Touku BHE OKpPY:KHOCTM IIpOBEAEHHI K HEil IBe KacaTeJbHble, oOpa-

gyrome yroj 72°. Haiimure OOJbIIYyI0O U3 AYr, 3aKIIOYEHHBIX MEXIy
TOYKAMM KacaHWUSL.

A) 248°; b) 240°; B) 252°; I 236°.
Dy
N3yyaem aHramiicKmii si3bIK! ﬂ v
OkpykHOCTD — circle JImameTp — diameter
Xopna — chord IMenTpanbHblii yroa — central angle
Pammyc — radius KacaresbHas K oKpykHOCTH — tangent to the circle
Jlyra — arc Ilepnenmukyasp — perpendicular
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Hcmopuueckue ceedenusn

Aoya Bada an-Bysmxkanu pomwicsa B 940 romy
B ropone bysmxan (CoBpemeHHas Kymika). Yuuiacsa u =T
pa6oran B barmage. B counnenun Aoyny Baga «KnHura o
TOM, YTO HEOOXOOUMO 3HAThb PEMECICHHUKY 13 TeOMeTpHr-
YeCKHUX MocTpoeHuil» maBbl I u IV mocBsieHsl ocTpoe-
HUSM C TIOMOILBIO IUPKYJIS U JUHeiku. B kayecTBe mpu-
Mepa MBI TIpoBefeM MpuHanexaiiee Aoyny Baga pereHue
3a0a4d O HAXOXIEHUN LIEHTpa OKPYKHOCTH

«Ecau cnpawusarom «Kak Havimu yeHmp okpyscHocmu %,
Hado evlbpamv Ha OKpyicHocmu dee mouku A u B u nocm-
DPoumo OKpyJlcHocmu ¢ yenmpom 6 mouxke A u B, paduycom,
bonvuum noaosunvl paccmostus AB. IlycTb oHU Tiepeceka-
torcst B Toukax C u D (puc. 1). Ilposodum npsamyro CD u
Haxooum mouxu E u F nepeceuenus smoii npamoi ¢ okpync-
Hocmoto. leaum ompesox EF nonoaam, moeda cepeouna O ompeska EF — uckomublil
UEHMP OKPYICHOCIU.

O1oT MeTonm AOyna Bada ocHoBaH Ha TOM, YTO OYIU, IMOCTPOCHHBIE W3
1HeHTpoB A 1 B, nepecekaiorcs B Toukax C u D u orpe3ok CD mepreHauKyJIsIpeH
xopne AB 1 poXoauT yepe3 LIEHTP OKPYKHOCTH.

CeroaHs 3Ta 3ajayva pellaeTcs Tak: MPEAroJIoXKUM, YTO JaHa OKPYKHOCTD.
LIEHTP KOTOPOIl HEM3BECTEH, U €r0o TpebyeTcss HailTu (puc. 2).

M3 HekoTtopoii Touku A npoBoauM KacaTenbHble AB 1 AC K 3TOl OKpyXK-
HOCTU U cTpouM OuccekTpucy yriaa BAC. OHa mepecekaeT OKPYKHOCTh B TOUKaX
D wu E. Jleaum ompesox DE nononaM, Toraa cepeauHa O otpe3ka DE — uckomulil
yenmp okpyscrhocmu. JJokaxure. Mnu npoeneM yepe3 TOUKY B MepreHAuKYIsap K
KacaTeJbHOW AB, Torga Toyka IepeceyeHus MepreHauKyasipa ¢ OUCCEeKTPUCON
oyaet nentpoMm O okpyxHoctu. Jlokaxure. Bmecte ¢ aTum AGyn Bada pemnaer
3alau¥ O BOCCTAHABJIEHWM OKPYXHOCTHU IO 3aJaHHOW ee Oyre, O IMOCTPOSHUM
KacaTeJIbHOM K OKPY>XKHOCTHU, TIPOXOISIIEH uepe3 3aJaHHYI0 TOUKY BHE OKPYXK-
HOCTU, O TIOCTPOCHUU KACaTeJIbHOM B JAHHOW TOYKE OKPY>KHOCTU.

&

Aoyn Baga
(940—998)

Y
“b
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TJIABA VI
ITOBTOPEHUE

YIIPAXKHEHUA NI TOBTOPEHUSA MATEPUAJIA
INPOUJAEHHOI'O B 8- M KJIACCE

>/

10.

11.

12.

13.

Tpu BHELIHUX YIJIa YETbIPEXyTOJbHUKA pPaBHbI COOTBETCTBEHHO 142°,
22° n 136°. Haiigure BHYTPEHHME YIJIBI 3TOrO YEThIPEXYTOJbHUKA.

. Haiinute mepumerp ueTbIpexyrojbHWKa, €CJAM €ro HauMeHbIlas CTO-

poHa paBHa 7 cm, a Kaxaasi cjeAylollasi CTOpoHa Ha 4 cm OoJibliie mpe-
JBIAYIIEHA.

. OcTpblil yron npsiMoyrojibHOi Tpaneuuu paBeH 45°. MeHblliasi CTOpoHa

U MeHblllee OCHOBaHME paBHbI 24 cm. Haiigute Gosbliee OoCHOBaHUE
Tpamneiuu.

. CTOopoHBI pPaBHOOEIPEHHOIO TPEYroJbHUKA paBHBL 1) 6 cm, 5 cm

uS5cm; 2) 24 cm, 15 cm u 15 cm; 3) 3,2 dm, 20 cm u 20 cm;
4) 22 cm, 60 cm u 60 cm. Haiinure 1uiomaas ¥ BBICOTY, TPOBEACHYIO
K OOKOBOI1 CTOPOHE 3TOrO TPEYTroJIbHUKA.

. B uerwipexyronbnuke ABCD AB=CD, AD= BC. Haiinute yribl

YeThIpEeXyroJbHUKA, €CIu Yroj A BTpoe OoJjbliie yria B.

. B paBHoOeapeHHoit Tpaneuuun ABCD BC=20 cm, AB=24 cm

u /D =60°. Haiinure ocHoBaHue AD.

. B tpeyronbHuke ABC AF w BD — Bbicothl. Haiinute AE, eciau

AC=20cm, BD=16 cm u BC= 32 cm.

. [lmomangs mpsSIMOYroJIbHOrO TpeyroibHMKa paBHa 168 cm? Haiiaute

7
KaTeThbl TPCYIroJibHMUKA, €CJIM OAMH N3 KaTCTOB PaBCH I 4yacTu Apyroro.

. [momane TpeyrosbHuka paBHa 24 cm? Haiinute BBICOTY TpEyrojib-

HMKa, TIPOBEACHHYIO K CTOPOHE, paBHOI 16 cm.

Huaronanu AC u BD pomba ABCD paBHbl cooTBecTBeHHO 30 cm
u 12 cm. HaiiguTe nioiiaab 3Toro pomoa.

HaiinuTe muioianb TpeyrojbHUKA, €CIM €r0 CTOPOHBI PaBHBbI:

1) 15, 15, 18; 2) 39, 42, 45; 3) 4, 13, 15; 4) 29, 25, 6.

B tpeyronbuke ABC BC=34 cm. U3 cepenuHbl orpe3dka BC K mpsi-
Mol AC mpoBeieH MNEePHEeHAUKYJSIp, KOTOpblii AeauT cropoHy AC Ha

otpe3ku AF=25 cm u FC=15 cm. Haiinute miowaas TpeyrojibHUKA
ABC.

Huaronanu pom6a paBHbl 18 dm u 24 dm. Haiinute nepumerp pomba u
paccTosiHue MeXay napasuleIbHbIMUA CTOPOHAMMU.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Bricora paBHOOEApeHHOW TpameuuMud BABOE MeEHbIIE €€ OOKOBOM
cTOpoHbI. HaiinuTe yribl Tpaneuuu.
JokaxuTe, 4TO CyMMa pPacCTOSIHUIA OT MPOM3BOJIBLHON TOUKM PaBHOCTO-
POHHETrO TPEyroJibHUKA 10 €ro CTOPOH MOCTOsSIHHAsI (OAMHAKOBA) U paB-
Ha BBICOTE 3TOrO TPEYroJbHUKA.
OKpyXHOCTb paszfeieHa Toukamu A, B u C Ha Iyru, rpaayCHbIE BeJIM-
YUHBI KOTOPBIX OTHOCATCS Kak: 1) 14:6:4; 2) 13:12:5; 3)17:10:9.
Yepes Touku A, B u C mnpoBeneHbl KacaTelbHble 10 MX B3aMMHOIO
nepeceueHus. Haitnure yriibl 00pa3oBaBlIerocsl TpeyrojbHUKA.
Kak wu3mMeHuTcs 1UIOIIaAb MPSIMOYTOJIbHUKA, €CJAM  €ro  JUIMHY
yBenunTh Ha 30 %, a mupuHy ymMeHbuTh Ha 30 %?
Kak wu3MmeHuTCd Tmuiolanb TPEYrojibHUKA, €CIM €ro OCHOBaHME
yBeanuuTh Ha 20 %, a BbICOTY YMeHbIIUTh Ha 20 %?
Haiinute nepuMerp MNpsIMOYrojbHUKA, €CJAM €ro IUIOlaJb paBHa
540 cm?, a OTHOILIEHKHE COCEAHUX CTOPOH paBHO 3 : 5.
Ilromage mapajienorpaMMa paBHa 24 cm?, BBICOTBI paBHBI 3 c¢m U
4 cm. Haiinure nepumeTrp 3TOro mapasuiejiorpaMmma.
Haueptute Kakoii-HuOyap mnapamwienorpamm ABCD. Iloctpoiite
BEKTODBI:
1) AB+ BC,; 2) AD + DC; 3) AB-AD; 4) DB - DA.
YeMy paBHbI KOOPIMHATHI BEKTOpa AB , €CIU:
1) A(0; 1), B(1; 0); 2) A(-2; 1), B(4; 3)?
Touka O — cepeauHa menuaHbl AA, tpeyronbHuka ABC. Bowipazute
BeKTOp BO uyepe3 BeKTOpbl d = BA v b = BC.
B napamnenorpamme ABCD nuaroHanu mnepecekaloTcss B Touke O,
a Touka P — cepenuHa otpe3ka OB. Boipasute Bektop AP uepe3
BeKTOpbl AB=d u AC=5.
W3 xonuoB ayru B 240°, mpoBedeHbl KacaTelbHble OO WX B3aMMHOIO
nepecedyeHusi. Haiinure yriabl Mexay HUMMU.
HaiinuTe HauOoJsbllIMii yroa mnapasuieiorpaMma, €Cid OJAUMH U3 €ero
yIJIOB 00JIbllie Apyroro B 4 pasa.
Haiinute nepuMerp MNpsIMOYrojbHUKA, €CJAM €ro IUIolaJb paBHa
288 cm?, a OTHOILIEHUE COCEAHUX CTOPOH paBHO 1 : 2.
BricoTta, omylleHHass Ha OIHY M3 CTOPOH Iapajliejorpamma, ILIOLIAAb
KoToporo 48 cm?, B TpuM pas3a MeHbllIe 3TOW CTOpPOHBbI. Haiimute o1y
CTOPOHY U BBICOTY.
ITnomwans kBampata paBHa 16 cm? Kak M3MeHUTCS IUIOLIAAL 3TOTO
KBaJpara, €CiM €ro CTOPOHbI: 1) YMEHBIIUTh B 2 pasa; 2) yBEJIMYUTH B
3 paza?
Touka C — cepenuHa otpe3ka AB. Haiinute ee KoopauHAThl, €CJIU:
1) A(=3; —12), B(1; =8);  2) A(9; —2), B(=7; —2).
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NUTOI'OBAAA KOHTPOJIbHAS PABOTA. ’
PABOTA HAJZL OIIIMBKAMMA ‘

5

1.

9

. MeHb11asi cTOpoHa IIpSIMOYroJibHMKa paBHa 10 cm, a nuaroHaau mnepe-
cekarorcs noa yrimoMm 60°. HaiiguTe auaroHaid mpsiMOYTOJIbHUKA.

. Croponsbl TpeyronpbHuka paBHbl 11 cm, 7 cm u 10 cm. Haiinute cTOpoHEBI
TpeyroJlbHUKa, BEpLIMHAMH KOTOPOIO SIBJISIOTCS CepeduHbl CTOPOH HaH-
HOI'O TPEYroJbHUKA.

. Halimute 1uiolanb TpeyrojabHUKA, €CJIU €r0 CTOPOHBI paBHHI 21 cm, 72 cm
u 75 cm.

. I3 Touku BHE OKpPY:XKHOCTU IIpOBEACHBI K HEl ABe KacaTejlbHbie, O0-
pasywoimue yroia 75°. Haiinute myru, 3akaioyeHHbIE MeEXAY CTOPOHAMM
KacaTeJbHBbIX.

. Haiignte KoopaMHATHI BEKTOpa M1 = d — 2b ,ecim d@(2;-3) u b(-2;-3).

TECT 6 IlpoBeprTe ceba!

YIabl 4eThIpeXyrojibHuMKa OTHOcATCS 3:5:4:6. Haiinute HaMMEHBIIW
yTOJI.
A) 80°%; Bb) 30°; B) 60°; 1) 40°.
. Ha cKoJbKO TpeyrojbHUKOB pa30MBaIOT AMArOHAJIM BBHIIYKIOIO YEThIpeX-
yTroJIbHUKA?
A) 4; Bb) 5; B) 6; ) 8.
. IllupuHa npsIMOYroJibHMKA paBHa 5 cm, IJMHA Ha 7 cm Ooibline. Hakinure
MepuMeTp MNPSIMOYTOJIbLHUKA.
A) 32 cm; b) 34 cm; B) 24 cm; ) 26 cm.
. CKOJIbKO CTOPOH Yy BBIIYKJIOTO MHOTOYIOJIbHMKA, €CJIM KaXIbIii €ro yroJ
paBeH 162°?
A) 18; B) 20; B) 15; 1) 12.
. CtopoHbl IapajuiesorpaMma IpoNOpLUMOHaNAbHE uyuciaaM 3 u 7. Halinute
MEHBIIIYIO CTOPOHY, €CJIM ero nmepuMeTp paBeH 18 cm.
A) 2,7 cm; b) 3,4 cm; B) 5,4 cm; ) 4,5 cm.
. Ilnomagp 3eMeIbHOIO ydyacTka B (opme MHpsSIMOYrojJbHMKA paBHaA 2 TIeK-
tapaM. Yemy paBHa mJIMHA 3TOr0 y4yacTKa, €CJIM IIMpMHA Y4acTKa paBHa
32 m?
A) 610 m; Bb) 615 m; B) 625 m; ) 630 m.

. Bricora pomba paBHa 5 cm, mpousBenecHue auaroHaneii 80 cm?. Haiingure
ero IepuMmerp.
A) 32 cm; Bb) 16 cm; B) 24 cm; ) 28 cm.

8. Haiinute KOOpIMHATHI BeKTOpa M = —d +2b , ecmut G(2; —3) u b (—2; =3).
A) (=6;-3); B) (-3; 6); B) (-2, -9); A) (2;-3).

. Jlanbl Bextopel a(3;2) u b (0; —1). Haiinute Momynb BeKTopa 2d — 4b .

A) 10; b) 6; B) 8; 1) 3.
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Tabimma 3HayeHnit TpuronomMerprudeckux GyHkumii ocrporo yriaa. Ilpunoxenne
I'panycw sina. tga ctga. cosa. I'panycm
1I°<a<45 | I'<a<45 | I'<a<45 | I'<a<45°
1 ~ 0,0175 ~ 0,0175 ~ 57,290 ~ 0,9998 89
2 ~ 0,0349 ~ 0,0349 ~ 28,636 ~ 0,9994 88
3 ~ 0,0523 ~ 0,0524 ~ 19,081 ~ 0,9986 87
4 ~ 0,0698 ~ 0,0699 ~ 14,301 ~ 0,9976 86
5 ~ 0,0872 ~ 0,0875 ~ 11,430 ~ 0,9962 85
6 ~ 0,1045 ~ 0,1051 ~ 9,514 ~ 0,9945 84
7 ~0,1219 ~ 0,1228 ~ 8,144 ~ 0,9925 83
8 ~ 0,1392 ~ 0,1405 ~ 7,115 ~ 0,9903 82
9 ~ 0,1564 ~ 0,1584 ~ 6,314 ~ 0,9877 81
10 ~ 0,1736 ~ 0,1763 ~ 5,671 ~ 0,9848 80
11 ~ 0,1908 ~ 0,1944 ~ 5,145 ~ 0,9816 79
12 ~ 0,2079 ~ 0,2126 ~ 4,705 ~ 0,9781 78
13 ~ 0,2250 ~ 0,2309 ~ 4,331 ~ 0,9744 77
14 ~ 0,2419 ~ 0,2493 ~ 4,011 ~ 0,9703 76
15 ~ 0,2588 ~ 0,2679 ~ 3,732 ~ 0,9659 75
16 ~ 0,2756 ~ 0,2867 ~ 3,487 ~ 0,9613 74
17 ~ 0,2924 ~ 0,3057 ~ 3,271 ~ 0,9563 73
18 ~ 0,3090 ~ 0,3249 ~ 3,078 ~ 0,9511 72
19 ~ 0,3256 ~ 0,3443 ~ 2,904 ~ 0,9455 71
20 ~ 0,3420 ~ 0,3640 ~ 2,747 ~ 0,9397 70
21 ~ 0,3584 ~ 0,3839 ~ 2,605 ~ 0,9336 69
22 ~ 0,3746 ~ 0,4040 ~ 2,475 ~ 0,9272 68
23 ~ 0,3907 ~ 0,4245 ~ 2,356 ~ 0,9205 67
24 ~ 0,4067 ~ 0,4452 ~ 2,246 ~ 0,9135 66
25 ~ 0,4226 ~ 0,4663 ~ 2,145 ~ 0,9063 65
26 ~ 0,4384 ~ 0,4877 ~ 2,050 ~ 0,8988 64
27 ~ 0,4540 ~ 0,5095 ~ 1,963 ~ 0,8910 63
28 ~ 0,4695 ~ 0,5317 ~ 1,881 ~ 0,8829 62
29 ~ 0,4848 ~ 0,5543 ~ 1,804 ~ 0,8746 61
30 0,5000 ~ 0,5774 ~ 1,732 ~ 0,8660 60
31 ~ 0,5150 ~ 0,6009 ~ 1,664 ~ 0,8572 59
32 ~ 0,5299 ~ 0,6249 ~ 1,600 ~ 0,8480 58
33 ~ 0,5446 ~ 0,6494 ~ 1,540 ~ 0,8387 57
34 ~ 0,5592 ~ 0,6745 ~ 1,483 ~ 0,8290 56
35 ~ 0,5736 ~ 0,7002 ~ 1,428 ~ 0,8192 55
36 ~ 0,5878 ~ 0,7265 ~ 1,376 ~ 0,8090 54
37 ~ 0,6018 ~ 0,7536 ~ 1,327 ~ 0,7986 53
38 ~ 0,6157 ~ 0,7813 ~ 1,280 ~ 0,7880 52
39 ~ 0,6293 ~ 0,8098 ~ 1,235 ~ 0,7771 51
40 ~ 0,6428 ~ 0,8391 ~ 1,192 ~ 0,7660 50
41 ~ 0,6561 ~ 0,8693 ~ 1,150 ~ 0,7547 49
42 ~ 0,6691 ~ 0,9004 ~ 1,111 ~ 0,7431 48
43 ~ 0,6820 ~ 0,9325 ~ 1,072 ~ 0,7314 47
44 ~ 0,6947 ~ 0,9657 ~ 1,036 ~ 0,7193 46
45 ~0,7071 1,0000 1,000 ~0,7071 45
I'panychi cosa ctga tga sino I'panycht
45°<a<89° |45 <0 <89° |45 <a<89°| 45 <a <89




OTBETbI

ITosTopenue Kypca 7-oro kiaacca. 5. 9 dm. 7. 3 cm. 9. [la, pasubL. 10. 52°, 63°, 65°. 11. 60°. 13.
24°72°, 84°. 14. Her, He moryT. 18. 58°.

ImaaI. Tema 1. 2. 1) n=28;2) n=11;3) n=24.4. 60°. 5. 1) n=12; 2) n=36; 3) n=40.
6. n=8.7.1)n=20;2)n=15,3)n=6.9. 1) n=24;2) n=28; 3) n=>5.10. 36°, 72°, 108°, 144°.
Tema 2. 2. 25,5 cm, 50,5 cm. 3. 1) 35°, 145°, 35°, 145°; 3) 85°, 105°, 85°, 105°. 4. P,p, =20 cm;
Ppoc=24cm. 5. AB= DC=16 cm, AD = BC =4 cm. Tema 3. 2. 1) [a, npaBunsHo. 3. 32 cm. 7.
26 cm. 8. 45°, 135°,135°,45°.9. 26 cm win 28 cm. Tema 4. 2. 1) 9cm; 2) 7cm. 3. 12 cm. 4.
AB=DC=4cm, BC=AD=8 cm. 6. 1) 4 +7 <12 — HepaBeHCTBO TPCYroJbHUKA HE
BBITIOJIHSIETCST, HET, He MOXeT. 7. 7 cm, 14 ¢cm, 7 cm, 14 cm. Temsl 5— 6. 2. 10 cm. 3.
BP=12 cm. 5.7 cm. 6. 40°, 140°, 40°, 140°. 9. 12 cm, 24 cm, 30 cm, 42 cm. 10. 64 cm. 12.
30 cm. 13. 32 cm. Temsr 7—8. 3. 150°. 4. 23 cm. 6. 27 cm, 11 cm. 7. 20 cm, 14 cm. 10. 90°, 90°,
1007, 80°. 11. 71°, 109°, 109°, 71°.12. 70 cm. Tema 9. 3. AC=5cm. 4. OB, = 3,2 cm, OB, =4,8
cm, OB;=6,4cm. 6.2) 1I9cm. 8. x=4.9. OB, =9 cm, OB, = 13,5cm, OB, = 18 cm. Temsi 10—
11.2.2,5cm, 3,5cm, 5,5 cm. 4.22cm, 10cm. 6.2) 15cm. 9.24 cm, 12cm. 10. 3 cm. 11.
30 cm, 10cm. 12. 12cm.

I'nasa I1. Tema 15. 2. a) cosa; 0) tga,; B) sina; T) ctga. 4. a) Ha, Tak kak 0,98 < 1; 6) HeT, Tak
. 12
KaK +/2 >1; B) ;oa, TaK KaK J5-2<1.5. ML=24, MN=25. 6. smMz%, cosM=—

13~
5 .
tgM = PR ctgM = % . Tema 16. 2. a) BepHo, Tak KaK a = ¢sino,; B) HEBEpHO, TaK KaK ¢ = —— .
s o

3. Jla, TaK KaK 3HaYeHUEM TaHIeHca SIBJISIETCS JII000€ MMOJIOXUTENbHOE Yyncio. 4. 1) 16 cm;
2)50 cm. 6. 16 cm. 7. 5cm. 8. 50 cm. Tema 17. 2. 1) 13;2) 9; 3) 2,5. 3. 1) 40 cm; 2) 100 cm. 4.
x=+3; y=~2.5.1)0,5;2) 442;3)0,8;4) 1,5. Tema 18. 2. 1) Her, Tak kax 121 + 49 = 289;
2) ma, Tak kaK 32+ 1,62=3,42, 11,56 = 11,56. 5. Umeer nBa pemrenus. 6. 1) [a, Tak Kax
122 +352=372; 2) Her, TaK Kak 112+ 202 = 252, Tema 19. 1. 1) 9,6 cm, 9,6 cm, 8 cm. 2.
gh. 3.1 hbzgx/g cm; 2) h,=11,2 dm; 3) h,=6,72 cm. 4. 1) h=63 cm. 5.
h, =%/7 cm; h, %ﬁ cm. 7. h, =%JE cm. Temsr 20—-21. 2. 1) %; 2.4: % 4.1)2;

2 1 1 15 8 15

. 2y - - _ . _ = - =
2)1;3) 1. 5. 1) ctg?a; 2) tgo. 7. 1) AR 9.1) cosa Tk tga 55 clea = 12.

1) sin’a; 2) cos’a. 14. 1) sina; 2) sin’a.. Tema 22. 2. 1) x~ 50°; 2) x = 14°; 3) x ~ 34°; 4) x = 74°.
3. 1) sinB=0,6;cosB=10,8. 5. cosA =0,5; tgd =+/3 . 7. 1) sina = 0,6; cosa. = 0,8. 8. 1) sina;
2) cos?a. Tema 23. 1. 1) 1,5; 3) 0,5. 3. # ;# .4.12; 6. 5. 1)sin’a; 2) sin’a. 7. 2. 8. 1) 0,5;
2) 0,5; 3) 1. 24- mavzu. 1. a) 1)= 0,0523; 2)~ 0,3584; 3)~0,7660; 4)~ 0,6428; 1) 1) ~ 5,67;
2) ~1,732; 3) =0,2679; 4) ~11,430. 2.06) 1) ~42° 2) ~50° 3) =~87°% B) 1)~25°% 2) ~85°
3) =10° 4.1.6.1)1;2)0. 7. 1) =0,9397 ; 4)~23,078. 8. x ~8°. Tema 25. 1. 14 cm. 2. 45°,
45°.3. a~6,691; b~7,431; p~48° 5.cos’a.7.a=4cm; b= 43 cm, B =60°. Tema 26.
1. b=9cm,a=B=45. 2.c=12cm,a=60°, p =30°.5.0.7. c=26 cm. Tema 27. 3. a=7 cm,
a=B=45.4. a=63 cm, b=6 cm, p=230°. 5.a=5cm (puc. 5); AC =213 cm,

BC =313 cm (puc. 6). 6. 168 cm.

I'nasa III. Tema 31. 3. 1) I1I ueTBepTh; 2) I1 uerBepTh; 3) IV uetBepTh; 4) I yeTBEPTH. 4. 1)
(—10; —1); 2) (0; =5,5); 3) (—2; 1). 5. 1) B(—1; 5). 8. 1) D(3; 0); 2) D(4; 5). Temst 32—33. 2. 1)
10;2) 17;3) 13.3. D x; = —2;x,=6.4. P=16.5. 1) (x =72+ (y — 11)2=125;2) (x +2)>+

155



CKa4aHo ¢ catima www.idum.uz

+(@—3)2=1.6.1)(2;5,R=7;2)(—1;5), R=2.7.1) C(3;—1), R=4;2) C(0; —5), R=1.8.
1) PaBHoGenpenHsiii. 9. 1) (x —9)2 + (y—4)>=49;2) (x +3)>+ (y + 4)*=4.10. 1) C(7; —2),
R=5;2)C4;0), R=1.11.1) (5; —12) u (5; 12); 2) (—5; —12) u (5; —12). Tema 34. 3. 1) 2x—

—y+5=0;2)x+y—7=0;3)3x—2y+2=0.4.c=—3.5.a:b:%.6.1)(0;—1,5)1/1(—3;
0): 2) (0: 3) 1 (4: 0): 3) (0: =5) m (2,5: 0). 9. x + 1 =0, x—3y—8=0, x— y="0. Tema 35. 2. 1)
DC 1™ 4B; 2) AOMMOC; 3) CB™N AD u DAMN AD; 5) DC=A4B; 6) A0=0C ;
7) DO = OB . Tembi 36—37. 5. la, Boimonnsietes. 6. [A0| =16 cm. 7. AB + BC = AD + DC =

—=AC=AC. 9. AB=-b; BC=-d+b, DA=d-b. 10. BF=-2d+b; EC=-i+2b;

b.

EF =G +b; BC=-2d+2b . Tewsi 38-39.4. 04 =—2a-5b; AR =2a+b.5.1) 4C=CB;
2) AB=2CB;3) AC = —%ﬂ J7.1) (45 5);2) (=15 4); 3) (0; 0). 8. 1) 25:2) 5: 3) 3. 9. 1) (1;
—2); 2) (2m; 2m). 11. m=7. 12. B(=2; —11). Tema 40. 2. 1) (=3; 4); 2) (=5; 12). 3. 1) (=4; 10);
2) (05 2);4) (4, —10). 4. 1) (35 6); 2) (5; 3); 3) (—4; =3). 5. 1) (6; 3); 2) (—6; 3); 3) (=2; 15).
6. 1) &(~4;-4);2) €(8:6). 7.1) ¢(~12;6);2) &(-11;8).8.1) ¢(-2;-1);2) ¢(2;-13). Tema 41.
1. CC,=2. 2. KC= ﬂn%ﬂ). 3. (5; 12). 4. B(; 5), D(1; —1). 5. B(=5; 11). 8.
AN =3 B+ AD.

Tnasa IV. Tema 45. 2. 2) 0,0225 dm?; 5) 6,25 m?. 6. 1) B 4 pasa yseauuurcs; 2) B 9 pas
yMeHbImmTesT; 3) Ha 28 cm?yBemmuutes . 11. 2) 3,6 dm; 3) 68 mm; 5) 80 dm. 13. 359,12 Teicsy
km2 Temsi 46—47. 2. 1) P=65,8 cm, S= 87 cm?, 3) P=7,4dm, S= 3 dmZ 4. S= 5000 m2. 5.
1) P=126cm, S=920cm? 8. 12cm. 9. 1) =500 cm? 2) a=12cm; 3) h,=5cm. 11. 1) B 1,6
pasa yBemmuuTcst; 2) B 6,25 pasa ymensmmres. 13. 2) 280 cm?; 4) 4,8 dm?2. 14. P=42 cm. 15.
S'=280 cm?2 Tema 48. 2. 1) 14 cm?; 2) 150 cm?. 3. 4 cm. 4. 5: 1. 8. 1) 756 cm?; 2) 84 cm?;
3) 192 cm?2 10. 60 cm. 11. 7,5 dm2 Temst 49—50. 2. 1) 32 cm. 3. 1) 512 cm?; 2) 1,62 dm?. 4.
12 ecm. 5. 5cm. 7. 1) 1,35 dm?; 2) 180 cm?; 3) 8 cm?2. 8. 1) 87 cm?; 2) 14 cm. 10. 1) 0,54% xB. ez

11. 360 cm?. 12. 1) 2,45 dm?; 2) 238 cm?; 3) 31,5 cm?. 14. 1) 1,44 m2. 15. 1) 140 cm?. Tema 51.
1.2125kB. en. 2. (a+ b) - c. 3. 144 cm?. 5. 16 kB. em. 6. 1) 20,8 km; 2) 8 km.

T'nasa V. Tema 55. 3. ABu BD cexymue. 4. 25cm. 5. 1) R =5cm; 2) R<5cm; 3) R>5cm.
8. CD. Tema 56. 2. 1) OKpy>KHOCTH KacaroTcs ApYT Apyra BHYTPEHHBIM 00pa3oM; 2) OKPY>KHOCTU
He UMEIOT ODIIMX TOYEK, OHA U3 HUX HAXOOUTCS BHyTpu Apyroi. 3. 1) 10 cm; 2) 2 cm. 6.
1) 144°; 2) 96°; 3) 210°; 4) 200°; 5) 260°; 6) 306°; 7) 276°. 7. 1) 160°, 200°; 2) 80°, 280°. 8. 70°. 9.
1) 72°; 2) 60°; 3) 40°; 4) 36°; 5) 30°. 10. 1) 15,6 cm; 2) 21 cm; 3) 1,6 dm. Tema 57. 3. AC= 10 cm.
4. 1) LACB=144°; 3) ZAEP=100°. 5. 36°, 60°, 84°. 6. 1) 100° um 80°; 2) 126° umm 54°. 7.
ZBAC=20°. 8. 100°. Tema 58. 3.220°. 4. a) x=45";0) x=130°;8)x=90°. 5. 30°.6. 1) LABC=20";
2) ZABC=60°; 3) LABC=136";4) LABC =54°;5) ZABC=36°.7. 1) 100°; 40°; 40°. 8. 1) 144°;
2) 120°%; 3) 40°;4) 72°.9. 1) 128°; 3) 76°. Tema 59. 3. 4 cm. 6. 8 cm. 9. 10 cm. 11. 90°.

Inasa VI. 1. 38°, 158°, 44°, 120°. 2. 52 cm. 3.48 cm. 4. 1) 12 cm?; 4,8 cm; 2) 108 cm?; 14,4 cm.
6. 4 cm. 7.10cm. 9.3 cm. 10. 180 cm? 13. 60 dm, 14,4 dm. 14. 30°, 150°, 150°, 30°.
17. Ymenpumress Ha 9 %. 19. 96 cm. 20.28 cm. 22. 1) (1;—1); 2) (=2; 2). 23. BO =%a +%13
25. 60°. 26.144°. 27.72 cm. 28. 12 cm, 4 cm. 29. 1) ymeHBIIUTCS HAa 4 cm?; 2) YBEIMIATCS
Ha 128 cm?.
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